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ELEMENTS  OF  MECHANICS. 


CHAPTER  I. 

PROPERTIES  OF  MATTER  —  MAQNITVDE  —  IMPENET&A' 
BILITT  —  nOURC  —  yORCE.. 

(1.)  Placed  in  the  material  world,  Man  is  continue- 
ally  exposed  to  the  action  of  an  infinite  variety  of  objects 
by  which  he  is  surrounded.  The  body,  to  which  the 
thinking  and  living  principles  have  been  united,  is  tn 
apparatus  exquisitely  contrived  to  receive  and  to  trans- 
mit these  impressions.  Its  various  parts  are  organized 
with  obvious  reference  to  the  several  external  agents 
by  which  it  is  to  be  affected.  Each  organ  is  designed 
to  convey  to  the  mind  immediate  notice  of  some  pecu- 
liar action,  and  is  accordingly  endued  with  a  corre- 
sponding susceptibility.  This  adaptation  of  the  organs 
of  sense  to  the  particular  influences  of  material  agents, 
is  rendered  still  more  conspicuous  when  we  consider 
that,  however  delicate  its  structure,  each  organ  is  whol- 
ly insensible  to  every  influence  except  that  to  which  it 
appears  to  be  specially  appropriated.  The  eye,  so  in- 
tensely susceptible  of  impressions  from  light,  is  not  at 
aU  affected  by  those  of  sound  ;  while  the  fine  mechan- 
ism of  the  ear,  so  sensitively  alive  to  every  effect  of  the 
latter  class,  is  altogether  insensible  to  the  former.  The 
splendor  of  excessive  light  may  occasion  blindness, 
and  deafness  may  result  from  the  xoax  o^  ^  <:,^xss\ss«&^^\ 
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(«A1».  1.  yOftC«.  7 

bodies  are  composed  of  elementary  parts  which  are  in- 
divisible  and  unalterable.    The  component  parts,  which 
may  be  called  aiomsy  are  so  minute,  as  altogether  to 
elude  the  senses,  even  when  improved  by  the  most  pow- 
erful aids  of  art.     The  word  molecuhy  is  often  used  to 
Bigmfy  component  parts  of  a  body,  so  small  as  to  escape 
sensible  observation,  but  not  ultimate  atoms,  each  mole- 
cule being  supposed  to  be  formed  of  several  atoms, 
arranged  according  to  some  determinate  figure.    Par- 
tide  is  used  also  to  express  small  component  parts,  but 
more  generally  is  applied  to  those  which  are  not  too 
minute  to  be  discoverable  by  observation. 

(8.)  lYnrce,  —  If  the  particles  of  matter  were  endued 
with  no  property  in  relation  to  one  another,  except  their 
mutual  impenetrability,  the  universe  would  be  like  a 
mass  of  sand,  without  variety  of  state  or  form.  Atoms, 
when  placed  in  juxtaposition,  would  neither  cohere,  as 
in  solid  bodies,  nor  repel  each  other,  as  in  aeriform  sub- 
stances. We  find,  on  the  other  hand,  that  in  some  cas- 
es the  atoms  which  compose  bodies  are  not  simply 
placed  together,  but  a  certain  effect  is  manifested  in 
their  strong  coherence.  If  they  were  merely  placed  in 
juxtaposition,  their  separation  would  be  effected  as  easi- 
ly as  any  component  particle  could  be  removed  from 
one  place  to  another.  Take  a  piece  of  iron,  and  attempt 
to  separate  its  parts :  the  effort  will  be  strongly  resist- 
ed, and  it  will  be  a  matter  of  much  greater  facility  to 
remove  the  whole  mass.  It  appears,  therefore,  that  in 
such  cases  the  parts  which  are  in  juxtaposition  cohere 
and  resist  their  mutual  separation.  This  effect  is  de- 
nominated force  ;  and  the  constituent  atoms  are  said  to 
cohere  with  a  greater  or  less  degree  of  force,  according 
as  they  oppose  a  greater  or  less  resistance  to  their  mu- 
tual separation. 
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Force,  when  manifested  by  the  mutoal  approach  or 
fohesion  of  bodies,  is  aLso  called  attraeUan^  and  it  is  va- 
riously denominated,  according  to  the  circumstances 
under  which  it  is  observed  to  act.  Thus,  the  force 
which  holds  together  the  atoms  of  solid  bodies  is  called 
tohestve  atbraeUon*  The  force  which  draws  bodies  to 
the  surftce  of  the  earth,  when  placed  above  it,  is  called 
the  aUraetion  of  gravUation.  The  force  which  is  ex- 
hibited by  the  mutual  approach,  or  adhesion,  of  the  load- 
stone and  inm,  is  called  magnetic  a<<racfum,  and  00  on. 

When  force  is  manifested  by  the  remotion  of  bodies 
from  each  other,  it  is  called  repvUitm,  Thus,  if  a  piece 
of  glass,  having  been  briskly  rubbed  with  a  silk  hand- 
kerchief, touch  successively  two  feathers,  these  feathers 
if  brought  near  each  other,  will  move  asunder.  This 
effect  is  called  r^^tUnon,  and  the  feathers  are  said  to 
rqpd  each  other. 

(9.)  The  influence  which  forces  have  upon  the  form, 
state,  arrangement,  and  motions  of  material  substances 
is  the  pnncipel  object  of  physical  science.  In  its  strict 
sense,  Mechajiics  is  a  term  of  very  extensive  significa- 
tion. According  to  the  more  popular  usage,  however, 
it  has  been  generally  applied  to  that  part  of  physical  sci- 
ence which  includes  the  investigation  of  the  phenome- 
na of  motion  and  rest,  pressure,  and  other  effects  devel- 
oped by  the  mutual  action  of  solid  masses.  The  consid- 
eration of  isimilar  phenomena,  exhibked  in  bodies  of  the 
liquid  form,  is  consigned  to  Htdrostatics,  and  that  of 
aeriform  fluids  to  Pneumatics. 
ai 
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tliese  wires  being  magnified  by  the  eye-glass  would 
iiave  an  apparent  thickness,  which  would  render  them 
inapplicable  to  this  purpose,  unless  their  real  dimen- 
sions were  of  a  most  uncommon  degree  of  minuteness. 
To  obtain  wire  for  this  purpose,  Dr.  Woliaston  invent- 
ed the  following  process :  —  A  piece  of  fine  platinum 
wire,  a  6,  is  extended  along  the  axis  of  a  cylindrical 
mould,  A  B,  fig*  1.  Into  this  mould,  at  A,  mnlten  silver 
is  poured.  Since  the  heat  necessary  for  the  fusion  of 
platinum  is  much  greater  than  that  which  retains  silver 
in  the  liquid  form,  the  wire  a  b  remains  solid,  while  the 
mould  A  B  is  filled  with  the  silver.  When  the  metal 
has  become  solid  by  being  cooled,  and  has  been  remov- 
ed from  the  mould,  a  cylindrical  bar  of  silver  is  obtained 
having  a  platinum  wire  in  its  axis.  This  bar  is  then 
wire-drawn,  by  forcing  it  successively  through  holes 
C,  D,  £,  F,  G,  H,  diminishing  it  in  magnitude,  the  first 
hole  being  a  little  less  than  the  wire  at  the  beginning 
of  the  process.  By  these  means  the  platinum  a  6  is 
wire-drawn  at  the  same  time,  and  in  tlie  same  propor- 
tion with  the  silver,  so  that  whatever  be  the  original 
proportion  of  the  thickness  of  the  wire  a  6  to  that  of  the 
mould  A  B,  the  same  will  be  the  proportion  of  the  pla- 
tium  wire  to  the  whole  at  the  several  thicknesses  C,  D, 
&c.  If  we  suppose  the  mould  A  B  to  be  ten  times  the 
thickness  of  the  wire  a  b,  then  the  silver  wire,  through- 
out the  whole  process,  will  be  ten  times  the  thickness 
of  the  platinum  wire  which  it  includes  within  it.  The 
silver  wire  may  be  drawn  to  a  thickness  not  exceeding 
the  300th  of  an  inch.  The  platinum  will  thus  not  ex- 
ceed the  3000th  of  an  inch.  The  wire  is  then  dipped 
in  nitric  acid,  which  dissolves  the  silver,  but  leaves  the 
platinum  solid.  By  this  method  Dr.  Woliaston  succeed- 
ed in  obtaining  wire,  the  diameter  of  which  did  not  ex- 
ceed the  18,000th  of  an  inch.    A  quantity  of  this  wire, 
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to  100  equal  parts,  every  part  will  be  digtinctly  yisible 
without  the  aid  of  microacopes.  The  gold  which  cov- 
en this  small  but  visible  portion  is  the  864,000,000th 
part  of  an  once.  But  we  may  proceed  even  further ;  this 
portion  of  the  wire  may  be  viewed  by  a  microscope 
which  magnifies  500  times,  so  that  the  500th  part  of  it 
will  thus  become  visible.  In  this  manner,  therefore,  an 
ounce  of  gold  may  be  divided  into  432,000,000,000  parts. 
Each  of  these  parts  will  possess  all  the  characters  and 
qualities  which  are  found  in  the  largest  masses  of  the 
metaL  It  retains  its  solidity,  texture,  and  color;  it 
resists  the  same  agents,  and  enters  into  combination 
with  the  same  substances.  If  the  gilt  wire  be  dipped 
in  nitric  acid,  the  silver  within  the  coating  will  be  dis- 
solved, but  the  hollow  tube  of  gold  which  surrounded  it 
will  still  cohere  and  remain  suspended. 

(15.)  The  organized  world  offers  still  more  remarka- 
ble examples  of  the  inconceivable  subtilty  of  matter. 

The  blood  which  flows  in  the  veins  of  animals  is  not, 
as  it  seems,  an  uniformly  red  liquid.  It  consists  of 
small  red  globules,  floating  in  a  transparent  fluid  called 
•ertfin.  In  different  species  these  globules  differ  both 
in  figure  and  in  magnitude.  In  man  and  all  animals 
which  suckle  their  young,  they  are  perfectly  round  or 
spherical.  In  birds  and  fishes  they  are  of  an  oblong 
spheroidal  form.  In  the  human  species,  the  diameter 
of  the  globules  is  about  the  4000th  of  an  inch.  Hence 
it  follows,  that  in  a  drop  of  blood  which  would  remain 
suspended  from  the  point  of  a  fine  needle,  there  must 
be  about  a  million  of  globules. 

Small  as  these  globules  are,  the  animal  kingdom 
presents  beings  whose  whole  bodies  are  still  more  mi- 
nute. Animalcules  have  been  discovered,  whose  mag- 
nitude is  such,  that  a  million  of  them  does  not  exceed 
the  bulk  of  a  grain  of  sand ;  and  yet  each  of  these  crea- 
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tares  is  compoeed  of  memben  as  curionslj  organized  am 
those  of  the  lugest  species ;  they  have  life  and  apontt- 
neoasmotion,  and  are  endued  with  sense  EmdinBtinct.  In 
the  liquids  in  which  thej  live,  they  are  obgerved  to  mow 
with  Bstonishing  speed  uid  activity ;  nor  are  theii  mo* 
tions  blind  uid  fortuitouB,  but  evidently  foremed  bj 
choice,  and  directed  to  an  end.  They  use  food  and 
diink,  fivm  which  they  derive  nutritioD,  and  are  there- 
fore furnished  with  a  digeative  apparatus.  They  ha*e 
great  muscular  power,  and  are  furnished  with  limbs  and 
muscles  of  strength  and  flexibility.  They  are  auscepli- 
ble  of  the  same  appetites,  and  obnoxious  to  the  same 
passions,  the  gratification  of  which  is  attended  with  the 
same  results  as  in  our  own  species.  SpaUanzani  ob- 
serves, that  certain  animalcules  devour  others  eo  vera' 
ciously,  that  they  &tten  and  become  indolent  and  sing, 
^iah  bj  over-feeding.  After  a  meal  of  this  kind,  if  they 
be  confined  in  distilled  water,  bo  as  to  be  deprived  of  ail 
food,  their  condition  becomes  rcducod ;  they  regain 
their  spirit  and  activity,  and  amuse  themselves  in  the 
pursuit  of  the  more  minute  animals,  which  are  supplied 
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i  s\  (16,)  These  and  many  other  phenomena  obflerved  in 
ml  the unmediate  productions  of  nature,  or  developed  by 
kf  iQechanical  and  chemical  processes,  prove  that  the 
materials  of  which  bodies  are  formed  are  susceptible  of 
minuteness  which  infinitely  exceeds  the  powers  of  sen- 
sible observation,  even  when  those  powers  have  been 
extended  by  all  the  aids  of  science.  Shall  we  then 
conclude  that  matter  is  infinitely  divisible,  and  that 
I  there  are  no  original  constituent  atoms  of  determinate 
I  magnitude  and  figure  at  which  all  subdivision  must 
I  cease  ?  Such  an  inference  would  be  unwarranted,  even 
^  had  we  no  other  means  of  judging  the  question,  except 
those  of  direct  observation ;  for  it  would  be  imposing 
that  limit  on  the  works  of  nature  which  she  has  placed 
upon  our  powers  of  observing  them.  Aided  by  reason, 
however,  and  a  due  consideration  of  certain  phenomena 
which  come  vidthin  our  .immediate  powers  of  observa- 
tion, we  are  frequently  able  to  determine  other  phenom- 
ena which  are  beyond  those  powers.  The  diurnal  mo- 
tion of  the  earth  is  not  perceived  by  us,  because  all 
things  around  us  participate  in  it,  preserve  their  relative 
position,  and  appear  to  be  at  rest.  But  reason  tells  us 
that  such  a  motion  must  produce  the  alternations  of  day 
and  night,  and  the  rising  and  setting  of  all  the  heaven- 
ly bodies;  appearances  which  are  plainly  observable, 
and  which  betray  the  cause  from  which  they  arise. 
Again,  we  cannot  place  ourselves  at  a  distance  from 
the  earth,  and  behold  the  axis  on  which  it  revolves,  and 
observe  its  peculiar  obliquity  to  the  orbit  in  which  the 
earth  moves ;  but  we  see  and  feel  the  vicisitudes  of  the 
seasons,  an  effect  which  is  the  immediate  consequence 
of  that  inclination,  and  by  which  we  are  able  to  detect 
it. 

(17.)  So  it  is  in  the  present  case.    Although  we  are 
unable  by  direct  observation  to  prove  the  existence  of 
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'  *HHi|»ltiM:0f4h6  wwimh  ^  ftftowv  Ifaift 
lirhijiit  h>  M.ftnnecl,  tint  by  ■ttuUiif  tJMMdwrt 
ii^MMiwiai  «*A«  ciyftad,  they 
flfjii  iNmndiit  pianesy  piid  prpierv^  tiMBrmntml  nntt- 
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gq|9mi««nntia  to  be  tdcen  from  tiie  liqad  diiiii|f 
the  i»BQi««f  caTetaUizetieii,  and  a  pieee JrinokeB  AaM 
ft  edi'M'te  daMrojrthe  nifiilkuri^  of  he  imn:  if  the 
itijeWI  ttW»hwiw«be  reitOTed>to  tbel»9Bid,]twfflhe 
Mbeeiiiii  gre4ai%;t<i  zeennie  iti  vegnkr  ftniytheiat* 
OBMrofr  edt  ioeceenvely  diemined  by  the  Tipomfaii^ 
ntac.illfaif«9itfae  irregoiar  eantiee  prodaeed  by  the 
imbtinm*  '  Hence  it  fbIlowe»  that  the  aaline  paitjclee 
mlaok  boaqKMe  the  eiiiftee  of  the  eryttal,  and  thoea 
which  ftroi  the  interior  d  ita  maaa,  are  aimOary  aai 
eseriaimilav  attaotioiui  on  the  atoma  dtaengafed  liy 
th»wafceg.. 

An  theae  details  of  the  procesa  of  cryatalHzation  are 
very  endent  indications  of  a  determinate  figure  in  tite 
ultimate  atoms  of  the  substances  which  are  crystallized. 
But  beaidea  the  substances  which  are  thus  reduced  by 
art  to  the  form  of  crystals,  there  are  larger  clasaes 
which  naturally  exist  in  that  state.  There  are  certain 
planea,  called  planes  of  cUtwagey  in  the  directiona  of 
which  natural  crystals  are  easily  -  divided.  Theae 
planes,  in  substances  of  the  same  kind,  always  have 
the  aame  relative  position,  but  differ  in  different  substan- 
cei.  The  surfaces  of  the  planes  of  cleavage  are  quite 
ioviaible  befi>re  the  crystal  is  divided  ;^  but  when  the 
paita  are  aeparated,  these  surfaces  exhibit  a  most  in- 
tanae  pddih,  which  no  eflbrt  of  art  can  eqoaL 
'  We  may  conceive  crystallized  substances  to  be  regu- 
hu:  mechanical  structures  formed  of  atoms  of  a  certain 
Hgwre^  on  which  the  figure  of  the  whple  structure  miiBt 
depend.     The  planea  of  cleavage  are  parallel  fea  the 
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Lttgitt  miiionl  nuuBses  exhibit  de^preee  of  paoHiy 
not  leas  fltrikiBig.  Water  percQlates  through  t|^  sides 
and  roo6  of  eavenui  a^d  grottoes^  and  being  iDipregni<« 
tod  with  cakareooB  and  other  earths,  fbnns  atalactite^ 
or  pendant  protoherances,  which  present*  a  cnrioos  ap- 


(UL)   GMfRTMn&tlii^.  —  That   qwHity,  in   virtue  of 
*    which  a  bod^  aBows  its  volnme  to  be. diminished  with- 
^.  out  diminjshing  its  mass,  is  called  con^nsiibiUhf*  *  This 
r  '-eAct  is  produced  by  bringing  the  constitcftnt  particles 
move  dose  to^gether,  and  thereby  increasing  the  density 
and  diminishing  the  pores.    This  effect  may  be  pro- 
duced IB  several  ways ;  but  the  name  *^  compressibility  ** 
IS  only^iqiplied  to  it  when  it  is  caused  by  the  agency  of 
nwwrhnnfi^^^  foce,  as  by  pressure  or  percussion. 

All  known  bodies,  whatever  be  their  nature,  are  capa- 
ble of  having  their  dimensions  reduced  without  dimin- 
ishing their  mass ;  and  this  is  one  of  the  most  conclusive 
proofii  that  all  bodies  are  porous,  or  that  the  constituent 
atoms  are  not  in  contact;  for  the  space  by  which  the 
volome  may  be  diminished  must,  before  the  diminution, 
consist  of  pores. 

{2iJ)  Some  bodies,  when  compressed  by  the  agency 
of  mechanical  force,  will  resume  their  former  dimen- 
aons  with  a  certain  force  when  relieved  from  the  ope- 
ration of  the  force  which  has  compressed  them.  This 
pcuyeity  is  called  dasHeUy;  and  it  follows,  from  this 
that  all  elastic  bodies  must  be  compressible, 
the  converse  is  not  triie^  compressibility  not 
ly  implying  elasticity. 
(35.)  IHkaabUity.  — This  quality  is  the  opposite  of 
compnessibility.    It  is  the  capability  observed  in  bodies 
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small  part.  When  tii%  bladder  is  remoTed  fitxn  the 
£re,  and  allowed  to  resume  its  former  temperature,  the 
air  returns  to  its  former  dimensions,  and  the  bladder 
becomes  again  flaccid. 

(28.)  Let  A  B,  Jig,  2.  be  a  glass  tube,  with  a  bulb  at 

the  end  A ;  and  let  the  bulb  A,  and  a  part  of  the  tube, 

be  flUed  with  any  liquid,  colored  so  as  to  be  visible. 

Let  C  be  the  level  of  the  liquid  in  the  tube.    If  the 

bulb  be  now  exposed  to  heat,  by  being  plunged  in  hot 

water,  the  level  of  the  liquid  C  will  rapidly  rise  towards 

B.  This  effect  is  produced  by  the  dilatation  of  the  liquid 

in  the  bulb,  which  filling  a  greater  space,  a  part  of  it  is 

forced  into  the  tube.    This  experiment  i^ay  easily  be 

made  with  a  common  glass  tube  and  a  little  port  wine. 

Thermometers  are  constructed  on  tliis  principle,  the 

rise  of  the  liquid  in  the  tube  being  used  as  an  indication 

of  the  degree  of  heat  which  causes  it.    A  particular 

account  of  these  useful  instruments  will  be  found  in  ou» 

treatise  on  Heat. 

(29.)  The  change  of  dimension  of  solids  produced  by 
changes  of  temperature  being  much  less  than  that  of 
hoAies  in  the  liquid  or  aeriform  state,  is  not  so  easily 
observable.  A  remarkable  instance  occurs  in  the  pro- 
cess of  shoeing  the  wheels  of  carriages.  The  rim  of 
iron  with  which  the  wheel  is  to  be  bound,  is  made  in  the 
first  instance  of  a  diameter  somewhat  less  than  that  of 
the  wheel ;  but  being  raised  by  the  application  of  fire  to 
a  very  high  temperature,  its  volume  receives  such  an 
increase,  that  it  will  be  sufficient  to  embrace  and  sur- 
round the  wheel.  When  placed  upon  the  wheel  it 
is  cooled,  and  suddenly  contracting  its  dimensions, 
binds  the  parts  of  the  wheel  firmly  together,  and  be- 
comes securely  seated  in  iti?  place  upon  the  face  of  the 
fellies. 
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ADVERTISEMENT. 


This  Treatise  being  the  joint  production  of  two  p 
sons,  it  is  light  to  state  the  portions  of  it  which  are  i 
exclusive  work  of  each.  The  chapter  on  Bolnnces  t 
Peodulums,  the  instruments  on  which  the  meosuremi 
of  waghi  and  time  depends,  tias  been  written  by  Ci 
toin  Kater,  For  the  remainder  of  the  volume,  . 
Ludner  is  respoiisible. 


CHAP.  II.       COMPRESSIBILITT  —  ELA8TICITT.  ^ 

dight  increase  of  inclqmtion,  air  will  be  observed  to 
escape  from  the  goblet,  and  to  rise  in  bubbles  to  the 
Borface  of  the  water.  If  the  goblet  be  then  restored  to 
its  position,  it  will  be  found  that  the  cork  will  rise 
higher  in  it  than  before  the  escape  of  the  air.  The 
water  in  this  case  rises  and  fills  the  space  which  the  air 
allowed  to  escape  has  deserted.  The  same  process  may 
be  repeated  until  all  the  air  has  escaped,  and  then  the 
goblet  will  be  completely  filled  by  the  water. 

(35.)  Liquids  are  compressible  by  mechanical  force 
in  80  slight  a  degree,  that  they  are  considered  in  all 
hydrostatical  treatises  as  incompressible  fluids.    They 
are,  however,  not  absolutely  incompressible,  but  yield 
dightly  to  very  intense  pressure.    The  question  of  the 
compressibility  of  liquids  was  raised  at  a  remote  period 
in  the  history  of  science.    Nearly  two  centuries  ago,  an 
experiment  was  instituted  at  the  Academy  dd  Cimento 
in  Florence,  to  ascertain  whether  water  be  compressible. 
"With  this  view,  a  hollow  ball  of  gold  was  filled  with  the 
liquid,  and  the  aperture  exactly  and  firmly  closed.     The 
globe  was  then  submitted  to  a  very  severe  pressure,  by 
which  its  figure  was  slightly  changed.     Now  it  is  proved 
in  geometry,  that  a  globe  has  this  peculiar  property, 
that  any  change  whatever  in  its  figure  must  necessarily 
diminish  its  volume  or  contents.     Hence  it  was  inferred, 
that  if  the  water  did  not  issue  through  the  pores  of  the 
gold,  or  burst  the  globe,  its  compressibility  would  be 
established.     The  result  of  the  experiment  was  that  the 
water  did  ooze  through  the  pores,  and  covered  the  sur- 
face of  the  globe,  presenting  the  appearance  of  dew,  or 
of  steam  cooled  by  the  metal.     But  this  experiment  was 
inconclusive.     It  is  quite  true,  that  if  the  water  had  not 
escaped  upon  the  change  of  figure  of  the  globe,  the 
compressibility  of  tlie  liquid  would  have  been  established. 
The  escape  of  the  water  does  not,  however,  prove  its 

bi 
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ineonpnttibiUity.     To    accomplish    this,    it  would  U. 

necessary  first  to  measure  accurately  the  voiiuna  rf, 
water  which  transudedliy  compression,  and  next  to  meif- 
ure  the  diminution  of  volume  which  the  vessel  sufiered 
by  its  change  of  tigute.  If  tliis  diminution  were  greater 
than  the  volume  of  water  which  escaped,  it  would  folloir 
that  tlie  water  remaining  in  the  globe  had  been  com- 
pressed, notwitliBlaiiding  tlic  escape  of  the  remainder. 
But  this  could  never  be  accomplished  with  theJelic&cy 
and  exactitude  necessary  in  such  an  experiment ;  and, 
consequently,  as  fuJ  as  the  question  of  the  compressibiht^ 
of  water  was  concerned,  notliing  was  proved.  Iffinms, 
however,  a  very  striking  illustration  of  the  porosity  of 
80  dense  a  substance  as  gold,  and  proves  that  ita  pom 
are  hirger  than  the  elementary  particles  of  water,  Boca 
they  are  capable  of  passing  though  them. 

(3G.)  It  has  since  been  proved,  that  water,  and  other 
liquids,  are  compressible.  In  the  year  1701,  Canton 
conununicated  to  the  Royal  Society  the  results  of  some 
experiments  which  proved  this  fncL  He  provided  a 
glcss  tube  with  a  bulb,  such  as  tiiat  described  in  (38.), 
and  filled  the  bulb  and    a   part  of  the  tube   with  the 
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other  caiiHO,  a  corresponding  portion  of  the  hest  wU 
the  body  hnil  before  tlic  eiiliir(;cmcnt,  will  be  absorbed 
the  process,  nnd  tlio  temperature  wilt  lie  thereby  dimi 
iHlicil.  In  tho  fnmp  wuv,  since  the  nhstniction  of  hi 
cnusea  a  iliniiiitLlinii  of  vulmiie,  so  if  tliBt  diminution 
caused  by  any  crthcr  inc:iiis,  IliC  body  will  ^ht  out  t 
heat  whicli  in  tin;  other  case  wtu  abstracted,  and  w 
rise  in  its  temperature. 

Numerous  and  well-known  tucts  illuHtratc  thp^c  o 
scn'ationa.  A  smith  by  ImmmcrinjT  a  piece  of  bar  in 
and  tliercby  coinprewiiifr  it,  will  render  it  rtd  Ai 
When  air  is  violently  coiniircsiied,  it  bocomc»  m  bot  . 
to  ignite  cotton  and  other  snbstonces.  Afl  in^enio' 
initrumcnt  fur  producing  a  liirht  for  domestic  uees  h 
been  constructed,  consisting  of  a  scnall  cylinder, 
which  a  solid  piiiton  moves  air-tight;  a  little  tinder, 
dry  sponge,  ia  attached  to  Uio  bottom  of  the  [Hitt 
which  is  then  violently  forced  into  the  cylinder;  the 
between  tlio  bottom  of  the  cylinder  and  the  pie 
becomes  intensely  cOTopTcsacd,  nnd  cvolvea  bo  id 
It  the  tinder. 
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Ifittor  is  incapable  df  spontaneous  change.  Thitf  is 
one  of  the  eazUest  and  most  universal  results  of  human 
observation :  it  is  equivalent  to  stating  that  mere  mat- 
ter is  deprived  of  life ;  for  spontaneous  action  is  the  on** 
ly  test  of  the  presence  of  the  living  principle.  If  we 
see  a  mass  of  matter  undergo  any  change,  we  never 
seek  for  the  cause  of  that  change  in  the  body  itself;  we 
look  for  some  external  cause  piDducing  it.  Thisina-- 
Ulitf  fat  voluntary  change  of  state  or  qualities  is  a  more 
general  principle  than  inertia.  At  any  given  moment 
I  of  time  a  body  must  be  in  one  or  other  of  two  states, 
rest  or  motion.  iMrtia,  or  inactivity^  signifies  the  total 
absence  of  power  to  change  this  state.  A  body  endu- 
ed with  inertia  cannot  of  itself,  and  independent  of  all 
external  influence,  commence  to  move  from  a  state  of 
Kst;  neither,  can  it  when  moving  arrest  its  progress 
aiul  become  quiescent. 

(41.)  The  same  property  by  which  a  body  is  tinable 
by  any  power  of  its  own  to  pass  from  a  state  of  rest  to 
one  of  motion,  or  vice  versd,  also  renders  it  incapable  of 
increasing  or  diminishing  any  motion  which  it  may  have 
received  from  an  external  cause.  If  a  body  be  moving 
WJ  a  certain  direction  at  the  rate  of  ten  miles  per  hour, 
it  cannot,  by  any  energy  of  its  own,  change  its  rate  of 
Bwtion  to  eleven  or  nine  miles  an  hour.  This  is  a  di- 
i^ct  consequence  of  that  manifestation  of  inertia  which 
bte  just  been  explained.  For  the  same  power  which 
would  Cause  a  body  moving  at  ten  miles  an  hour  to  in- 
crease its  rate  to  eleven  miles,  would  also  cause  the 
same  body  at  rest  to  commence  moving  at  the  rate  of  one 
niile  an  hour ;  and  the  same  power  which  would  cause  a 
^y  moving  at  the  rate  of  ten  miles  an  hour  to  move  at 
the  rate  of  nine  miles  in  the  hour,  would  cause  the  same 
^y  moving  at  the  rate  of  one  mile  an  hour  to  become 
quiescent    It  therefore  appears,  that  to  increase  or  di-. 
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mpiinh  the  motion  of  a  body  i;  an  effect  of  theaaiDe 
as  t4)  change  the  state  of  rest  inU  that  of  motion,  n 
vend. 

(42.)  The  efieote  and  phenomena  which  hourly 
under  our  observation  afford  unnumbered  exam^ 
the  inability  of  lifeless  matter  to  put  itself  into  mi 
or  to  increase  any  motion  which  may  have  been 
munical«d  to  it.  But  it  does  not  happen  that  we 
the  same  direct  and  frequent  evidence  of  ita  iuabili 
destroy  or  diminish  any  raotion  which  it  may  haT 
ceived.  And  hence  it  arises,  that  while  no  one  wil 
ny  to  matter  the  former  effect  of  inertia,  few  will  at 
acknowledge  the  latter.  Indeed,  even  so  late  at 
time  of  Kepleb,  philosophers  themselves  lield  it 
maxim,  that  "  matter  is  more  inclined  to  rest  than  U 
tion ; "  we  ought  not,  therefore,  to  be  surprised  if  ii 
present  day  those  who  have  not  been  conversant 
physical  science  are  slow  to  believe  that  a  body 
put  in  motion  would  continue  for  ever  I'D  move  witb 
same  velocity,  if  it  were  not  stopped  by  some  ext 

by  observation,  will,  however. 


"T^ 
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^ftf  iHddh  eaa  dettiiyjr  or  cJiminialf  its  oym  mdtfm 
iM  alio  be  capaMe  of  potting  itself  into  motion  f^mn  a 
iCite  of  ze«t|  or  of  increasing  any  motion  which  it  has 
iweived*  But  this  latter  ii^ontraiy  to  all  experience, 
«Bd  iMxefiNre  we  are  compelled  to  admit  ,.thiat  a  body 
elitaiQt  dHigniiih  or  destroy  any  ^notion  which  it  has  re- 

O0I?8dfrw  .^    - 

Let  ii»  mmpite  why  we  are  mor»  diqioaed  t»  admit 
9w  iMhiliilf  of  matter  to  produce  iluut=to  deetroy  motios: 
iailpel£  We  eee  most  of  those  motions  which  take 
place  aroond  lui  on  the  surface  of  the' earth  subject  to 
ffadnal  decMijfi.  and  if  not  renewed  from  time  to  time, 
tbey  at  langfth  eease.  A  stone  rolled  along  the  ground, 
I  whMl  remlving  on  its  axis,  the  heaving  of  the  deep 
ifter  m  atoroif  ■  and  all  other  motions  produced  in  bodies 
If  flcKtamal  causes,  decay,  when  the  exciting  cause  is 
HMjpended ;  and  if  that  cause  do  not  renew  its  action^ 
igy  nhamately  cease. 

Bat  is  there  no  exciting  cause,  on  the  other  hand, 
which  thus  gradually  deprives  those  bodies  of  their  mo- 
tion?— and  if  that  cause  were  removed,  or  its  intensity 
diminished,  would  not  the  motion  continue,  or  be  more 
dowly  retarded?  When  a  stone  is  rolled  along  the 
ground,  the  inequalities  of  its  shape  as  well  as  those  of 
the  ground  are  impediments,  which  retard  and  soon  de- 
stroy its  motion.  Render  the  stone  round,  and  the  ground 
level,  and  the  motion  will  be  considerably  prolonged. 
Rat  still  small  asperities  will  remain  on  the  stone,  and 
on  the  surface  over  which  it  rolls :  substitute  for  it  a 
ball  of  highly  polished  steel,  moving  on  a  highly  polish- 
ed Bieel  plane,  truly  level,  and  the  motion  will  continue 
tritiioat  sensible  diminution  for  a  very  long  period; 
Mit  even  here,  and  in  every,  instance  of  motions  produc- 
ed by  art,  minute  asperities  must  exist  on  the  surfaces 
ivfaich  move  in  contact  with  each  other,  which  must  re- 
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not,  gndnally  Aminieh,  and  ultuD&tely  destroy  tli< 

Independently  of  the  obetructione  to  the  contini 
of  motion  arising  from  frirtion,  there  ia  ftnother  in 
ment  to  which  all  motiona  on  the  Burface  of  tb« 
VK  liable  •"  the  resistance  of  the  air.  How  mtu?) 
may  affect  the  continuation  of  motion  appe&rs  by 
familiar  effects.  On  a  calm  day  carry  an  open  un 
la  with  its  concave  side  presented  in  the  direct 
which  you  are  moving,  and  ft  powerful  resistance  n 
opposed  to  your  progress,  which  will  increase  wil 
ery  increaie  of  the  speed  with  which  you  move. 

We  are  not,  however,  without  direct  ejtperiei 
prove,  that  motions  when  unresisted  will  for  eve) 
tinue,.  In  the  heavens  we  find  an  apparatus,  whic 
Dishes  a  sublime  verification  of  this  principle.  1 
removed  from  all  casual  obstructionB  and  reeisti 
the  vast  bodies  of  the  universe  roll  on  in  their  ap 
ed  paths  with  unerring  regularity,  preservii^  w 
diminution  all  that  motion  which  they  receivi 
their  creation  from  the  band  which  launched  thei 
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it  is  absent  in  sleep,  and  totally  removed  by  death,  even 
while  the  organization  of  every  part  remains  to  all 
a]^)earance  without  derangement  Seeing,  then,  the 
whole  visible  material  universe  partaking  in  the  common 
quality  of  inertia,  unable  to  trace  the  conditions  of  life  to 
VXf  material  phenomena,  it  is  impossible  not  to  conclude 
that  the  will  of  animated  beings  is  tlic  result  of  an 
immaterial  principle,  which,  during  the  period  of  life, 
governs  their  organized  bodies.  In  what  this  prinriplu 
consists,  what  is  its  scat,  or  by  what  modcrt  of  action  it 
moves  the  body,  we  are  wholly  unable  to  decide.  But 
the  same  principle,  analogy,  which  guides  our  invcsti- 
i  gations  in  every  other  part  of  ])]iysical  science,  ought  to 
ij  govern  us  in  this ;  and  by  tliat  principle,  tlio  spon- 
t&oeons  motion  found  in  animated  beings,  but  which  in 
no  instance  is  manifested  by  mere  matter,  must  be 
attributed  not  to  the  matter  which  composes  the  bodily 
forms  of  these  beings,  but  to  somctliing  of  oltogetlier  a 
different  nature. 

Independently  of  this,  which  may  be  considered  as 
the  reasoning  proper  to  pliysicol  science,  philosophers 
have  given  another  reason  for  assigning  animation  to  an 
inunaterial  principle.  The  will,  from  tlie  very  nature 
of  its  acts,  must  belong  to  a  simple,  uncompoundcd,  and 
indivisible  being,  and  consequently  can  never  bo  an  at- 
tribute of  a  thing  which  in  its  essence  is  the  very  re- 
verse of  this. 

(44.)  It  has  been  proved,  that  an  inability  to  change 
the  qtumtUy  of  motion  is  a  consequence  of  inertia.  The 
inability  to  change  the  direction  of  motion  is  another 
consequence  of  this  quality.  The  same  cause  which 
increases  or  diminishes  motion,  would  also  give  motion 
to  a  body  at  rest ;  and  therefore  we  inferred  tliat  the 
same  inability  which  prevents  a  body  from  moving  itself, 
will  also  prevent  it  from  increasing  or  diminishing  any 


motjan  which  It  baa  received.     In  the  same  mumer  W« 

rail  show,  that  any  cause  which  changes  the  direction 
of  motion  would  alao  give  motion  to  a  body  at  rest ;  and 
tlierefbre  if  &  body  change  the  direction  of  its  own  lao- 
tion,  the  aame  body  might  mave  itaelE  from  sk  atitia  of 
rest ;  and  therefore  the  power  of  than^n^?  the  dirwu  , 
titin  of  any  raotion  which  it  may  have  received  is 
siatont  with  the  quality  of  inertia, 

(45.)  If  a  body,^oviug  from  A,  Jig.  3.  to  B,  re< 
B,  a  blow  in  the  direction  C  B  P),  it  will  ImmedlUslr 
change  iU  direction  to  that  of  anotlier  line  B  D.  Tbe 
cause  whicfi  producea  thia  change  of  direction  would 
have  put  the  body  in  motion  in  the  direction  B  E,  bad  it 
been  quiescent  at  B  when  it  suHtoincd  the  blow. 

(46.)  Again,  suppose  G  il  to  be  a  bard  plane  surface! 
and  let  the  body  be  supposed  to  be  perfectly  ii 
When  it  strikes  Ibc  surface  at  B,  it  will  couun 
move  along  it  in  tlie  direction  B  H.  This  cbanf  e  <f 
dtreclioii  is  proiiucod  hy  the  resiBtancc  of  the  surfanfc 
If  the  body,  instead  of  meeting  the  surface  in  the  4irei 
tion  A  B,  had  moved  in  the  direction  E  B,  perpendici 
would  have  been  destroyed)  and  the 
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wktever  state  it  be,  in  that  state  it  must  for  ever  peise- 
Kfe,  unless  disturbed  by  some  external  cause ;  that  if  it 
te  amotion,  that  motion  must  always  be  uniform,  or  must 
proceed  at  the  same  rate,  the  equal  spaces  being  moved 
o?er  in  the  same  time :  any  increase  of  its  rate  must  be- 
•^tmy  some  impelling  cause ;  any  diminution  must  pro- 
ceed from  an  impeding  cause,  and  neither  of  these  caua- 
68  can  exist  in  the  body  itself;  that  such  motion  must  not 
only  be  constantly  of  the  same  uniform  rate,  but  also 
nnut  be  always  in  the  same  direction,  any  deflection 
&Qm  its  course  necessarily  arising  from  some  external 
iofloence. 

Tiie  language  sometimes  used  to  explain  the  proper- 

tf  of  inertia  iu  popular  works,  is  eminently  calculated 

M    toouiBlead  the  student.    The  terms  resistance  and  stub- 

:.    bonmess  to  move  are  faulty  in  this  respect.      Inertia 

'I   iimiiea  absolute  passiveness,  a  perfect  indifference  to 

^    mt  or  motion.    It  implies  as  strongly  the  absence  of 

'•'    an  lesiBtaiice  to  the  reception  9f  motion,  as  it  does  the 

absence  of  all  power  to  move  itself.    The  term  vis  tfi«r- 

<UB,  or  force  of  tnactimtyy  so  frequentiy  used  even  by 

authon  pretending  to  scientific  accuracy,  is  still  more 

nprehensible.  It  is  a  contradiction  in  terms ;  the  term 

iuetinitf  implying  the  absence  of  all  force. 


(49.)  Before  we  close  this  chapter,  it  may  be  advan- 
tageous to  point  out  some  practical  and  ^miliar  exam- 
ples of  the  general  law  of  inertia.  The  student  must, 
however,  recollect,  that  the  great  object  of  science  is 
goienlization,  and  that  his  mind  is  to  be  elevated  to  the 
contemplation  of  the  laioa  of  nature,  and  to  receive  a 
habit  the  very  reverse  of  tiiat  wliich  disposes  us  to  en- 
joy the  descent  from  generals  to  particulars.  Instances, 
^<toi  firom  the  occurrences  of  ordinary  life,  may  how- 
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ever,  be  ineflil  id  verifying  the  genenl  law,  and  in  im- 
prMaing  it  upon  the  memory ;  and  for  this  reason,  m 
ahaU  occaaionally  in  the  present  treatise  refer  to  lueh 
examples ;  aJnays,  however,  keeping  them  in  eulneivi- 
ence  to  the  general  principles  of  which  they  are  nuni- 
festations,  and  on  which  the  attention  of  the  atHdent 
should  be  fined. 

(50.)  If  a  carriage,  a  horse,  or  a  boat,  moving  witti 
speed,  be  suddenly  retarded  or  stopped,  by  any  caoB* 
which  does  not  at  the  same  time  affect  passengoia,  li- 
ders,  or  any  loose  bodies  which  are  coiried,  they  will 
be  precipitated  in  the  direction  of  the  motion;  because^ 
by  reaaon  of  their  inerUa,  they  persevere  in  the  mntian 
which  they  shared  in  common  with  that  which  transport- 
ed them,  and  ore   not  deprived  of  that  motion  by  ttw 

(51.)  If  a  passenger  leap  from  a  carriage  in  rapij 
motion,  he  will  Ml  in  the  direction  in  which  the  car- 
riage is  moving  at  the  moment  his  feet  meet  the  ground ; 
because  his  body,  on  quitting  the  vehicle,  retains,  by  iti 
inertia,  the  motion  which  it  had  in  common  with  it 
lohes  (lie  groiiriJ,  tiiis  iiiotion  is  dfatrojed 
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then  the  carria^  is  in  motion ;  and  we  may  also  infer 
tlie  inexpediency  of  attempting  to  start  at  full  speed, 
especially  with  heavy  carriages. 

(53.)  Coursing  owes  all  its  interest  to  the  instinctive 
consciousness  of  the  nature  of  inertia  which  seems  to 
gov&m  the  measures  of  the  hare.    The  greyhound  is  a 
comparatively  heavy  hody  moving  at  the  name  or  greater 
speed  in  pursuit.    The  hare  doubles,  that  is,  suddenly 
changes  the  direction  of  her  course,  and  turns  back  at 
an  oblique  angle  with  the  direction  in  which  she  had 
been  running.     The  greyhound,  unable  to  resist  the 
tendency  of  its  body  to  persevere  in  the  rapid  motion  it 
liad  acquired,  is  urged  forward  many  yards  before  it  is 
able  to  check  its  speed   and  return   to   the   pursuit. 
Meanwhile  the  hare  is  gaining  ground  in  the  other  di- 
rection, so  that  the  animals  arc  at  a  very  considerable 
distance  asunder  when  the  pursuit  is  recommenced. 
In  this  way  a  hare,  though  much  less  fleet  than  a  grey-* 
hoond,  will  often  escape  it 

In  racing,  the  horses  shoot  far  beyond  the  winnings 
post  before  their  course  can  be  arrested. 


CHAPTER  IV. 


ACTION  AND  REACTION. 


{54.)  The  effects  of  inertia  or  inactivity,  considered 
in  the  last  chapter,  are  such  as  may  be  manifested  by  a 
single  insulated  body,  without  reference  to,  or  connec- 
tion with  any  other  body  whatever.  They  might  all  be 
recognised  if  there  were  but  one  body  existing  in  the 
universe.  There  are,  however,  other  important  results 
of  this  law,  to  the  developement  of  which  two  bodies 
at  least  are  necessary. 
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(55.)  If  a  miM  A,  Jig.  4.,  moving  tovarde  C,  impiiigv 
upon  an  equal  masB,  which  is  qniescent  at  B,  th»  two 
masseB  will  move  together  towaida  C  after  the  impact 
But  it  will  be  observed,  that  their  speed  aAer  the  impact 
will  be  only  half  that  of  A  before  it  Thus,  after  the 
impact,  A  loeea  half  ite  velocity;  and  B,  which  waa  be- 
fore quiescent,  receiveB  exactly  this  amount  of  motian. 
It  appears  therefore,  in  this  case,  that  B  receives  exact- 
ly as  much  motion  aa  A  loies ;  so  that  the  real  qiuuti' 
^  of  motion  fromfi  to  C  is  the  same  as  the  qnaati^of 
motion  from  A  to  B.* 

Now,  Buppoae  that  B  consisted  of  two  masiea,  each 
equal  to  A,  it  would  be  fonnd  that  in  this  caw  the  veb- 
ci^  of  the  trii^  mass  after  impact  would  be  one-third 
of  the  velocity  ftmn  A  to  B.  Thna,  after  impact,  A 
loses  two  thirds  of  ita  velocity,  and,  B  connstang  of 
two  masaea  each  equal  to  A,  each  of  these  two  leceivei 
one-third  of  A's  motion ;  so  that  the  whole  motion  rs- 
ceived  by  B  is  two-thirds  of  the  motion  of  A  before  ibk 
pact.  By  the  impact,  therefore,  exactly  as  moch  motua 
'a  received  by  B  as  is  lost  by  A. 
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Agfain,  if  the  masses  of  A  and  fi  be  5  and  7,  then  the 
nnited  mass  after  imiNict  will  be  12.  The  motion  of  A 
before  impact  will  be  equally  distributed  between  tliesc 
twelve  parts,  so  that  each  part  will  have  a  twelfth  of  it ; 
but  five  of  these  parts  belong  to  the  mass  A,  and  seven 
toB.  Hence  B  Avill  receive  seven-twelfths,  while  A 
retains  five-twelfths. 

(56.)  In  general,  therefore,  when  a  mass  A  in  motion 
impinges  on  a  mass  B  at  rest,  to  find  the  motion  of  the 
united  mass  after  impact,  ^  divide  the  whole  motion  of 
A  into  as  many  equal  parts  as  there  ore  equal  compo- 
nent masses  in  A  and  B  together,  and  then  B  will  re- 
ceive by  tho  impact  as  many  parts  of  this  motion  as  it 
has  equaJ  component  masses." 

This  is  an  immediate  consequence  of  the  property  of 
inertia,  explained  in  the  last  chapter.  If  we  were  to 
suppose  that  by  their  mutual  impact  A  wero  to  give  to 
B  either  more  or  less  motion  than  that  which  it  (A)  loses, 
it  would  necessarily  follow,  that  either  A  or  B  must 
have  a  power  of  producing  or  of  resisting  motion, 
which  woold  be  inconsistent  with  the  quality  of  inertia 
already  defined.  For  if  A  give  to  B  more  motion  than 
it  loses,  all  the  overplus  or  excess  must  be  excited  in  B 
by  the  action  of  A ;  and,  therefore,  A  is  not  inactive, 
but  is  capable  of  exciting  motion  which  it  does  not  pos- 
sess. On  the  other  hand,  B  cannot  receive  from  A  less 
motion  than  A  loses,  because  then  B  must  bo  admitted 
to  have  tlie  power  by  its  resistance  of  destroying  all  the 
deficiency ;  a  power  essentially  active,  and  inconsistent 
with  the  quality  of  inertia. 

(57.)  If  we  contemplate  the  efiects  of  impact,  which 
we  have  now  described,  as  facts  ascertained  by  experi- 
ment (which  they  may  be),  we  may  take  them  as  further 
verification  of  the  universality  of  the  quality  of  inertia. 
But,  on  the  other  hand,  we  may  view  them  as  phenome- 
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VK  which  uhl;  ceruinl^  be  predicted  from  the  prerioni 
knowUdge  of  that  qn&Uty;  and  this  is  one  of  nuu; 
ImfauiceB  of  the  advantage  which  acience  poMttnei 
orer  knowledge  merely  practicaL  Having  obtained  ij 
observation  or  experience  a  certain  number  of  dinple 
ftcte,  and  thence  deduced  the  general  qualitieB  of  bod- 
ies, we  are  enabled,  by  demonstrative  reaaoning,  to  di*~ 
«over  oOierfactt  which  have  ne3'er  failen  under  onr  ob- 
•ervalion,  or,  if  to,  may  have  never  excited  attention. 
Id  thia  way  philosophers  have  discovered  certain  small 
motions  and  alight  changes  which  have  taken  place 
(tinoog  the  heaveid;  bodies,  and  have  directed  the  at- 
Mktion  of  astronomical  obaervera  to  them,  inatnicting 
thetn  with  the  greatest  precision  as  to  the  exact  moment 
of  lime  and  the  point  of  the  firmament  to  which  the; 
shonld  direct  the  telescope,  in  order  to  witneM  ths 
pt«dicted  event 

(58.)  Since  by  the  quality  of  inertia  &  body  eta 
neither  generate  nor  destroy  motion,  it  follows  that 
irtten  two  bodies  act  upon  each  other  in  any  way  what- 
ever, the  total  quantity  of  motion  in  a  given  direction, 
after  the  action  lakes  i 


M 
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lar, 


If  the  uMjLiiia   A  iidl  9  \*:  vmnL  "husx  "iji^nr  minmB 
H    or  TelocitiM  iiLiisti  '.i-p^niier  mus:  ]«  iih   mmim  ir  txs 
*l    united  mui  cAer  ixnssc^  Am:?*  :ir7  -nunnn  na  aaisr  m 
cmted  or  ^csicrowii  Tr  ^^xaz  ^^**nii    3iic  uf  A  mu.  3 


.'     more  widi  a  coobcb.  amcii^iL.  Tnisf  mm  unBr  iv* 


widi  a  Tdocili-  eqaal  ti>  anj:  nni?  mm.  nf  "aerr  *"£! 
before  tlie  napact.    nB&.  d  A  m-r«  tk  -nxmcarj  r.  snf 
B  have  5^  the  Teiocsr  :«f  tb^  Tn:r..'t!L  imaff  ids; 
€^bem|rdielialf  Q^l'l.t^  szsL  nTT  rm  ^ 

If  A  aad  B  lie  mc  ^irzaL  yijULw?  tti?ir  €m09rt 
equal  cuuyuuent  putsL  s=i£  j?:  A  *rmxttr  zf  r.  cni  B  z£ 
6,-eqiial  masBCs:  i«  ^*  t»j:i::?tt  nf  A  i«?  IT.  sr  "aa:  "ai? 
motion  of  each  of  oe  ?  para  7«tz:x  IT.  tsi*  iD:crsi£  r£ 
the  whole  will  he  l:>i     I-  -^*   «=k  TarTirr.  'j^.  tzj* 
velocity  of  B  be  K^  ti*  =..;•=:  :c:  :f  t-i:!  pir:  r^=x  Kt 
the  whole  motion  of  "iie  •'  7*^^  "*"—  :"f  •:^--     Tb*  szr: 
of  the  two  motions,  tlerefir?.  :.:"rLri«  C  s  lit:  :  laf 
since  none  of  this  cai:  t^  I:*?^  br  tii^  izi"*ir^  :>:?■  irr 
motion  added  to  it,  thi<  zl.is^.  s1«.-:  t-?  :iie  Tri:!-?  z^rcoa 
of  the  Tinited  masses  af*.er  irapi:  -     B?i:iz  r-:"illT  dis- 
tributed among  the  14  co=3>:::en:  pans  of  wr^ch  these 
united  masses  consist,  each  part  vnll  have  a  !o*.:rTeeMh 
of  the  whole  motion.     Hence.  1^  being  divide c  by  14, 
we  obtain  the  quotient  14,  which  is  the  velocity  with 
which  the  whole  moves. 

(60.)  In  greneral,  therefore,  when  two  masses  movinjif 
in  the  same  direction  impinge  one  upon  the  other,  and 
after  impact  move  together,  their  common  velocity  may 
be  determined  by  the  following  rule :  **  Express  the 
masses  and  velocities  by  numbers  in  the  usual  way,  and 
multiply  the  numbers  expressing  the  masses  by  tlio 
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numbeTB  which  express  the  velocities  ;  the  two  product* 
thus  obt&ined  being  added  together,  and  their  suin  di —  - 
vided  b;  the  sum  of  the  numbers  ezpressing  the  mSMM^  - 
the  quotient  will  be  the  number  expressing  the  requiraA. 
velocity." 

(CI.)  From  the  preceding  details,  it  appears  litat. 
motion  is  not  adequately  estimated  by  tpeed  or  vdocihf. 
For  example,  a  certain  mass  A,  moving  at  a  determin- 
ate rate,  has  a  certain  quantity  of  motion.  If  another 
equal  mass  B  be  added  h>  A,  and  a  similar  velocity  be 
given  to  it,  as  much  more  motion  will  evidently  be 
called  into  existence.  In  other  words,  the  Itm  equal 
masses  A  and  B  united  have  ttaict  as  much  motion  aa 
the  single  mass  A  had  when  moving  alone,  and  with 
the  same  speed.  The  same  reasoning  will  show  that 
ikrte  equal  masses  will  with  the  sane  speed  have  thrtt 
timei  the  motion  of  any  one  of  them.  In  general,  there- 
fore, the  velocity  being  the  same,  the  quantity  of  mo- 
tion will  always  be  increased  or  diminished  in  the  same 
proportion  as  the  mass  moved  is  increased  or  diminished 
02.)  On  the  other  hand,  the  quantity  of  motion  doei 
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BcAuB  inipttct. 

Ibssof  A         8 

Velocity  of  A  17 '^^ 

Mass  of  6         6 

Velocity  o£  BJO 

Qnaatity  of  > 
motion  of  fi  { 


6  X  10  or  60 


After  Impact. 

Mass  of  A        -        8 
Common  velocity  14 

Quantity  of     ] 
motion  of  A  [ 

Mass  of  B        ~        6" 
Common  velocity  14 

Quantity  of 
motion  of  B 


8  X  14  or  112 


6X14=84 


By  this  calculation  it  appears  that  in  the  impact  A 
has  lost  a  quantity  of  motion  expressed  hy  24,  and  that 
B  has  received  eiCbtly  that  amount  The  effect,  there- 
fore, of  the  impact  is  a  transfer  of  motion  from  A  to  B  ; 
hut  no  nev7  motion  is  produced  in  the  direction  A  C 
which  did  not  exist  before.  This  is  obviously  consis- 
tent with  the  property  of  inertia,  and  indeed  an  inevita- 
ble result  of  it. 

(64.)  This  phenomenon  is  an  example  of  a  law  de- 
duced from  the  property  of  inertia,  and  generally  ex- 
pressed thus  —  "  Action  and  reaction  are  equal,  and  in 
contrary  directions."  The  student  must,  however,  be 
cautious  not  to  receive  these  terms  in  their  ordinary 
acceptation.  After  the  full  explanation  of  inertia  given 
in  the  last  chapter,  it  is,  perhaps,  scarcely  necessary 
here  to  repeat,  that  in  the  phenomena  manifested  by  the 
motion  of  two  bodies,  there  can  be  neither  "  action " 
nor  "  reaction,"  properly  so  called.  The  bodies  are  ab- 
solutely incapable  either  of  action  or  resistance.  The 
sense  in  which  these  words  must  be  received,  as  used 
in  the  law,  is  merely  an  expression  of  the  transfer  of  a 
certain  quantity  of  motion  from  one  body  to  another, 
which  is  called  an  action  in  the  body  which  loses  the 
motion,  and  a  reaciibii  in  the  body  which  receives  it. 


*  The  sign  X  when  placed  between  two  numbers  means  that  they  arQ 
to  be  multiplied  together. 

c4 
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Thn  ntetttion  of  motion  to  the  Utter  ia  uid  to  proceed 
from  the  action  of  the  former :  and  the  ioa*  of  tlio  nuim 
notion  in  tlie  furiucr  ■■  BMribod  to  tiie  re&ction  of  the 
latter.  TLo  whole  phroeeolog^  is,  however,  moat  ob- 
jectionable and  iiupliilodophical,  and    U    calculated  to 

{fiS.)  The  bodies  impinging  were,  in  the  lairt  cu^ 
mippoaed  to  move  in  llic  same  direction.  We  Bliall  now 
consider  tbc  cose  in  whicli  they  move  in  oppoeita  diioc- 

Firat,  let  the  mossns  A  and  B  ^  supposed  to  ba 
equal,  and  niuving  in  opposite  directions,  witji  tho  mim 
velocity.  Let  C,fig.  a.,  be  the  point  at  wliich  the; 
meet.  The  equnl  motions  in  opposite  directions  will,  u 
this  cose,  dostroy  each  other,  and  both  masses  will  bo 
reduced  to  a  state  of  rest  Thus,  the  mass  A  loua  all 
its  motion  ui  tlie  direction  A  C,  which  it  may  be  aap- 
poaed  to  tnuufer  to  B  at  the  moment  of  impact  But 
B,  having  prEviuusIy  had  an  equal  quantity  of  motion  in 
thn  direction  B  C,  will  now  have  two  equal  motiooi  im- 
pressed upon  it,  in  directions  immediately  oppoaita; 
and,  tJieso   motions  neutralizing  each  other,  the  c 
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jMirts  fif  A^8  xnngmal  motion,  and  2  therefore  will  be 
their  common  velocity  after  impact.  In  this  case,  A 
loses  8  of  the  10  parts  of  its  motion  in  the  direction  A  C. 
Qb  the  other  hand,  B  loses  the  entire  of  its  6  parts  of 
motion  in  the  direction  B  C,  and  receives  2  parts  in  the 
direction  A  C.  This  is  equivalent  to  receiving  8  parts 
of  A's  motion  in  the  direction  A  C.  Thus  according  to 
the  law  of  *^  action  and  reaction,*'  B  receives  exactly 
what  A  loses. 

Finally,  suppose  that  both  the  masses  and  velocities 
of  A  and  B  are  unequal.  Let  the  mass  of  A  be  8,  and 
its  velocity  9 ;  and  let  the  mass  of  B  be  6,  and  its  veloc- 
ity 5.  The  quantity  of  motion  of  A  will  be  72,  and  that 
oif  B,  in  the  opposite  direction,  will  be  90.  Of  the  72 
parts  of  motion,  which  A  has  in  the  direction  A  C,  90 
being  transferred  to  B,  will  destroy  all  its  30  parts  of 
motion  in  the  direction  B  C,  and  the  two  masses  will 
move  in  the  direction  C  B,  with  the  remaining  42  parts 
of  motion,  which  will  be  equally  distributed  among 
iheir  14  component  masses.  Each  component  part  will, 
therefore,  receive  three  parts  of  motion ;  and  accord- 
ingly 3  will  be  the  common  velocity  of  the  united  mass 
after  impact. 

(66,)  When  two  masses  moving  in  opposite  directions 
impinge  and  move  together,  their  common  velocity  after 
impact  may  be  found  by  the  following  rule  :  —  "  Multi- 
ply the  numbers  expressing  the  masses  by  those  which 
express  the  velocities  respectively,  and  subtract  the 
lesser  product  from  the  greater ;  divide  the  remainder 
by  the  sum  of  the  numbers  expressing  the  masses,  and 
the  quotient  will  be  the  common  velocity ;  the  direction 
will  be  that  of  the  mass  which  has  the  greater  quantity 
of  motion," 

It  may  be  shown  without  difficulty,  that  the  example 
which  we  have  just  given  obeys  the  law  of  "  action  and 

rfiftct.inn." 
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In  diwclian  A  C  < 
Mi»arB  -  -  . 
Velocity  of  B  -  - 
Qiiuilitj  of  inolton'; 

la  diKction  11  L  [ 


8x5  or 


I     ■     ■     -     8 

velority    ■     » 

'  QomlitjofMorioni-    -     „ 

i       i>i  diri^clioD  A  C  j  "*""** 

Mai*  of  B     -     •    -     6 

Coin  ID  on  velocity    -     S 

snllty  of  motion  J  -„,  „ .» 


Hence  it  appears  that  the  qu&ntity  of  motion  in  the  di- 
rection A  C  of  which  A  has  been  deprived  bj  the  im- 
pact is  48,  tlie  difference  between  72  and  34.  On  tlie 
other  hanil,  B  losea  by  the  impact  the  quantity  30  in  the 
direction  B  C,  which  is  equivalent  to  receiving  30  in  ths 
direction  A  C.  But  it  also  acquires  a  quantity  18  in  the 
direction  AC,  which,  added  to  the  Tormer  30,  ^vea  ■ 
total  of  48  received  by  B  in  the  direction  A  C.  Th« 
tbe  Bamc  quantity  of  motion  which  A  Iobob  in  the  direc- 
tion A  C,  is  received  by  B  in  the  aiunc  direction.  Ths 
law  of  "  action  and  reaction  "  is,  therefore,  fiilfiUed. 

(67.)  The  examples  of  the  equality  of  action  and  reac- 
tion in  the  collision  of  bodies  may  be  exhibited  c^qMin- 
mentally  by  a  very  simple  apparatus.   Let  A,^.  &,  and 
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(68.)  In  all  these  cases  in  which  we  have  explained 
tfaelaw  of  ^  action  and  reaction,"  the  transfer  of  motion 
from  one  body  to  the  other  has  been  made  by  impact  or 
collision.      This  phenomenon  has  been  selected  only 
because  it  is  the  most  ordinary  way  in  which  bodies  arc 
seen  to  affect  each  other.    The  law  is,  however,  uni- 
versal, and  will  be  fulfilled    in  whatever  manner  the 
bodies  may  affect  each  other.    Thus  A  may  be  con- 
nected with  fi  by  a  flexible  string,  which,  at  the  com- 
mencement of  A's  motion,  is  slack.    Until  the  string 
becomes  stretched,  that  is,  until  A's  distance  from  B 
becomes  equal  to  the  length  of  the  string,  A  will  con- 
tinue to  have  all  the  motion  first  impressed  upon  it.   But 
when  the  string  is  stretched,  a  part  of  that  motion  is 
transferred  to  B,  which  is  then  drawn  after  A  ;  and 
whatever  motion  B  in  this  way  receives,  A  must  lose. 
All  that  has  been  observed  of  the  effect  of  motion  trans- 
ferred by  impact  will  be  equally  applicable  in  this  case. 
Again,  if  B,  Jig,  4.,  be  a  magnet  moving  in  the  direc- 
tion B  C  with  a  certain  quantity  of  motion,  and  while  it 
is  so  moving  a  mass  of  iron  be  placed  at  rest  at  A,  the 
attraction  of  the  magnet  will  draw  the  iron  after  it  to- 
wards C,  and  will  thus  communicate  to  the  iron  a  cer- 
tain quantity  of  motion  in  the  direction  of  C.     All  the 
motion  thus  communicated  U^the  iron  A  must  be  lost  by 
the  magnet  B. 

If  the  magnet  and  the  iron  were  both  placed  quies- 
cent at  B  and  A,  the  attraction  of  the  magnet  would 
cause  the  iron  to  move  from  A  towards  B ;  but  the  mag- 
net in  this  case  not  having  any  motion,  cannot  be  liter- 
ally s«ad  to  transfer  a  motion  to  the  iron.  At  the  mo- 
ment, however,  when  the  iron  begins  to  move  from  A 
towards  B,  the  magnet  will  be  observed  to  begin  also  to 
move  from  B  towards  A  ;  and  if  the  velocities  of  the  two 
'  bodies  be  ex.preBsed  by  numbers,  and  respectively  mul- 


tijdied  by  tho  snmbers  expressing  their  masses,  tt 
qaantitics  of  motion  thua  obttdncd  will  be  tbund  la  1 
exactly  equal.  Wo  have  already  explained  why  a  quu 
tity  of  motion  received  in  the  direction  B  A,  ia  equin 
lent  to  the  same  quantity  lost  in  the  direction  A  ] 
Hence  it  appears,  that  the  magnet  ie  receiving  as  rmx 
motion  in  the  direction  B  A,  aa  it  gives  in  the  direclk 
A  B,  sufiers  an  effect  which  ia  equivalent  to  losing  i 
much  motion  directed  towards  C  aa  it  haa  commimic 
ted  to  the  iron  in  the  same  direction. 

In  the  same  manner,  if  the  body  B  hail  any  proper 
in  virtue  of  which  it  might  repel  A,  it  would  itself  be  t 
polled  with  the  aame  quantity  of  niotion.  In  a  wo« 
whatever  ba  the  manner  in  which  the  bodies  may  aS& 
each  other,  whether  by  colUsiou,  traction,  attraction, 
repulsion,  or  by  whatever  other  name  the  phen 
may  be  designated,  still  it  is  an  inevitable  ci 
that  any  motion,  in  a  given  direction,  which  one  of  tl 
bodies  may  receive,  must  be  accompanied  by  a  loss 
motion  in  the  same  direction,  and  to  the  some  uwnu 
by  the  other  body,  or  the  acquisition  of  aa  much  moti 
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fli  such  a  case,  these  two  bodies  encoonteringf  in  oppo- 
site directionB,  would  mutually  destroy  each  other's  mo- 
tion. 

(70.)  The  consequences  of  the  property  of  inertia, 
which  have  been  explained  in  tlie  present  and  preced- 
ing' chapters,  have  been  given  by  Newton,  in  his  PaiN- 
c/piA,  and,  after  him,  in  most  English  treatises  on  me- 
chanics, under  the  form  of  three  propositions,  which  are 
called  the  •*  laws  of  motion."    They  are  as  follow :  — 

I. 

«  Every  body  must  persevere  in  its  state  of  rest,  or  of 
uniform  motion  in  a  straight  line,  unless  it  be  compel- 
led to  change  that  state  by  forces  impressed  upon  it.'' 

n. 

**  Every  change  of  motion  must  be  proportional  to  the 
impressed  force,  and  must  be  in  tlie  direction  of  that 
straight  line  in  which  the  force  is  impressed." 

IIL 

^  Action  must  always  be  equal  and  contrary  to  reac- 
tion ;  or  the  actions  of  two  bodies  upon  each  other  must 
be  equal,  and  directed  towards  contrary  sides." 

When  inertia  and  force  are  defined,  the  fiist  law  be- 
comes an  identical  proposition.  Tlie  second  law  rannot  be 
rendered  perfectiy  intelligible  until  tiie  student  has  read 
the  chapter  on  the  composition  and  resolution  of  forces, 
for,  in  faxit,  it  is  intended  as  an  expression  of  the  wliole 
body  of  results  in  that  chapter.  'J'lie  third  law  has  been 
explained  in  tho  present  chapter  as  far  as  it  can  be  ren- 
dered intelligible  in  the  present  stage  of  our  progress. 

We  have  noticed  tliese  formularies  more  from  a  re- 
spect for  the  authorities  by  which  they  have  been  adopt- 
ed, than  from  any  persuasion  of  their  utility.    Their 
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full  import  cuiaot  be  comprehenilad  ontil  nearly  tiia 
whole  of  eleraentttij  mechuiice  baa  been  UMinired,  md 
Ihen  all  such  sumnuuies  become  uaeleBS. 


(71>)  The  coDsequencea  deduced  from  the  conriden- 
"tionof  the  qualit;  of  inertia  in  thia  chapter,  will  Bccotmt 
for  nany  effects  which  fall  under  our  notice  daily,  and 
with  which  we  have  become  bo  familiar,  that  they  han 
almost  ceased  to  excite  curiosity.  One  of  the  tacts  of 
which  we  have  most  frequent  practical  illiutimtionii,' 
that  the  qaanUty  of  motion  or  moving  Jinre,  as  it  i» 
sometimes  called,  is  estimated  by  the  velocity  of  the  mo- 
tion, uid  the  weight  or  mass  of  the  thing  morvd,  con- 
jointly. 

If  the  same  force  impel  two  baUs,  one  of  one  pound 
weifrht,  and  the  other  of  two  poiinde,  it  follows,  since 
the  balls  can  neither  give  force  to  themselves  nor  resist 
tliat  which  is  impressed  upon  them,  that  they  will  move 
with  the  same  force.  But  the  ligliter  ball  will  move 
with  twice  the  speed  of  the  heavier.     The  impressed 
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^ocitjr  as  to  be  scarcely  perceptible,  and  yet  the  force 
will  be  so  grreat  as  to  crush  a  small  boat. 

A  grain  of  shot  flung  from  the  hand,  and  striking  the 
person,  will  occasion  no  pain,  and  indeed  will  scarcely 
be  felt,  while  a  block  of  stone  having  the  same  velocity 
would  occasion  death. 

If  a  body  in  motion  strike  a  body  at  rest,  the  striking 
body  must  sustain  as  great  a  shock  from  the  collision  as 
if  it  bad  been  at  rest,  and  struck  by  the  other  body  with 
the  same  force.  For  the  loss  of  force  which  it  sustains 
in  the  one  direction,  is  an  effect  of  the  same  kind  as  if, 
being  at  rest,  it  had  received  as  much  force  in  the  op- 
posite direction.  If  a  man,  walking  rapidly  or  running, 
encounters  another  standing  still,  he  suffers  as  much  from 
the  collision  as  the  man  against  whom  he  strikes. 

If  a  leaden  bullet  be  discharged  against  a  plank  of 
hard  wood,  it  will  be  found  that  the  round  shape  of  the 
ban  is  destroyed,  and  that  it  has  itself  suffered  a  force 
by  the  impact,  which  is  equivalent  to  the  effect  which  it 
produces  upon  the  plank. 

When  two  bodies  moving  in  opposite  directions  meet, 
each  body  sustains  as  great  a  shock  as  if,  being  at  rest, 
it  had  been  struck  by  the  other  body  with  the  united 
forces  oT  the  twa  Thus,  if  two  equal  balls,  moving  at 
the  rate  of  ten  feet  in  a  second,  meet,  each  will  be 
struck  with  the  same  force  as  if,  being  at  rest,  the  oth- 
er had  moved  against  it  at  the  rate  of  twenty  feet  in  a 
second.  In  this  case  one  part  of  the  shock  sustained 
arises  from  the  loss  of  force  in  one  direction,  and  anoth- 
er from  the  reception  of  force  in  the  opposite  direction. 

For  this  reason,  two  persons  walking  in  opposite  di- 
rections receive  from  their  encounter  a  more  violent 
shock  than  might  be  expected.  If  they  be  of  nearly 
equal  weight,  and  one  be  walking  at  the  rate  of  three 
and  the  ot^er  four  miles  an  hour,  each  sustains  the  same 
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shock  &3  if  he  had  bsso  tX  reet,  utd  struck  bj  t] 
running  at  Uie  rate  of  seven  iniles  sjx  hour. 

This  principle  occouala  for  the  (lestructive 
ariaiDg  from  ships  running  foul  of  each  olhei 
If  two  ships  of  500  tona  burden  encounter  eu 
Bailing  at  Un  knots  an  liour,  each  sustains  tb' 
whicli,  being  at  rest,  it  would  receive  from  a  i 
1000  tons  burdeo  sailing  ten  knots  an  hour. 

It  ia  a  mistake  to  suppose,  that  when  a  large  ■ 
body  encounter,  the  small  body  suSers  a  groat 
tlian  the  largo  one.  The  shock  which  they  suat 
be  tlie  same  ;  but  the  largo  body  may  be   bettei 

When  the  fist  of  a  pu|;iliat  strikes  the  body  o 
tagonist,  it  sustoins  as  great  a  shock  as  it  gi 
the  part  being  more  fitted  to  endure  the  blow,  1 
ry  and  pain  arc  inflicted  onlus  opponent.  Tk 
the  case,  however,  when  fist  meets  fisL  Then ' 
in  collision  are  equally  sensitive  and  vulnerable 
effect  la  aggravated  by  both  having  approached  i 
er  with  great  force.  The  effect  of  the  blow  ia  ' 
e  fiat,  being  held  at  reel,  were  struck  by 
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Vf  their  implication ;  and  it  is  not  until  a  definition  be- 
comes useless,  that  we  are  taught  the  meaning  of  the 
'  tenns  in  which  it  is  expressed.    Moreover,  we  are  per- 
kps  justified  in  saying,  that  in  the  mathematical  scien- 
ces the  fundamental  notions  are  of  so  uncompounded  a 
character,  that  definitions,  when  developed  and  enlarg- 
ed upon,  often  draw  us  into  metaphysical  subtleties  and 
distinctions,  which,  whatever  be  their  merit  or  impor- 
tioce,  would  be  here  altogether  misplaced.    We  shall, 
therefore,  at  once  take  it  for  granted,  that  the  words  mo- 
lim  and  pmsurt  express  phenomena  or  effects  which 
ire  the  subjects  of  constant  experience  and  hourly  ob- 
servation ;  and  if  the  scientific  use  of  these  words  be 
Qore  precise  than  their  general  and  popular  application, 
that  precision  will  soon  be  learned  by  their  frequent  use 
in  the  present  treatise. 

(73.)  Force  is  the  name  given  in  mechanics  to  what^ 
ever  produces  motion  or  pressure.  This  word  is  also 
often  used  to  express  the  motion  or  pressure  itself;  and 
when  the  cause  of  the  motion  or  pressure  is  not  known, 
this  is  the  only  correct  use  of  the  word.  Thus,  when  a 
piece  of  iron  moves  toward  a  magnet,  it  is  usual  to  say 
that  the  cause  of  the  motion  is  "  the  attraction  of  the 
magnet " ;  but  in  effect  wc  are  ignorant  of  the  cause  of 
this  phenomenon ;  and  the  name  attraction  would  be 
better  applied  to  the  effect  of  which  we  have  experi- 
ence. In  like  manner  the  attraction  and  repulsion  of 
electrified  bodies  should  be  understood,  not  as  names 
for  unknown  causes,  but  as  words  expressing  observed 
appearances  or  effects. 

When  a  certain  phraseology  has,  however,  gotten  in- 
to general  use,  it  is  neither  easy  nor  convenient  to  su- 
persede it  We  shall,  therefore,  be  compelled,  in  speak- 
ing of  motion  and  pressure,  to  uso  the  language  of  cau- 
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aation ;  but  miut  advise  the  student  tlwt  it  ia  effecta  u 
net  cauHCB  which  wiH  be  e^tpressed. 

(74.)  If  two  forces  act  upon  the  same  point  of  a  bod 
in  different  directioDB,  a  sinjrie  force  may  be  aaeignec 
which,  acting  on  that  point,  will  produce  the  eune  renil 
aa  the  united  effects  of  the  other  two. 

Let  P,  Jig.  7.,  be  the  point  on  which  the  two  finca 
act,  and  let  their  directiona  be  P  A  and  P  B,  From  tix 
point  P,  upon  the  tine  P  A,  tajce  a  len^  P  ji,  cond>li)i| 
of  aa  many  inches  as  there  are  ounces  in  the  force  P  A 
and,  in  tilce  manner,  take  P  h,  in  the  direction  P  B,  ci» 
listing  of  Bfl  many  inches  as  there  are  ounces  in  tb 
force  P  B.  Through  a  draw  a  line  parallel  to  P  B,  an 
through  h  draw  a  hue  parallel  to  P  A,  and  suppoae  thi 
these  lines  meet  at  c.  Then  draw  PC.  A  single forot 
acting  in  the  direction  P  C,  and  consisting  of  as  mm 
ounces  as  the  line  P  c  consists  of  inches,  will  prodne 
npon  the  point  P  the  same  effect  as  the  two  force*  P  • 
and  P  B  produce  acting  together. 

(75.)  The  figure  P  a  c  b  is  i!b11o(I  in  oeohktkt  ^f» 
aUd^Tom;  the  lines  P  a,  P  &,  axe  called  its  sulu,  u 
the  line  P  c  is  called  its  dtoguaal.     Thus  the  method  ( 
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hce  two  or  more  forces,  to  which  it  is  mechanically 
eqoiyalent,  or  of  which  it  is  the  resultant  This  process 
is  called  ^  the  resolution  of  force." 

(77.)  To  verify  experimentally  the  theorem  of  the 
parallelo^am  of  forces  is  not  difficult.    Let  two  small 
wheels,  M  N,  Jig.  8,  with  grooves  in  their  edges  to  re- 
ceive a  thread,  be  attached  to  an  upright  board,  or  to  a 
walL  Let  a  thread  be  passed  over  them,  having  weights 
A  and  B,  hooked  upon  loops  at  its  extremitieH.     From 
any  part  P  of  the  thread  between  the  wheels  let   a 
weight  C  be  suspended :  it  will  draw  the  thread  down- 
wards, so  as  to  fonn  an  angle  M  P  N,  and  the  appara- 
tus will  settle  itself  at  rest  in  some  determinate  position. 
In  this  state  it  is  evident  that  since  the  weight  C,  act- 
ing in  the  direction  P  C,  balances  the  weights  A  and  B, 
acting  in  the  directions  P  M  and  P  N,  these  two  forces 
must  be  mechanically  equivalent  to  a  force  equal  to  the 
weight  C,  and  acting  directly  upwards  from  P.    The 
weight  C  is  therefore  the  quantity  of  the  resultant  of 
the  forces  P  M  and  P  N  ;  and  the  direction  of  the  re- 
sultant is  that  of  a  line  drawn  directly  upwards  from  P. 
To  ascertain  how  far  this  is  consistent  with  tlie  theo- 
rem of  **  the  parallelogram  of  forces,"  let  a  line  P  O  be 
drawn  upon  the  upright  board  to  which  the  wheels  are 
tttached,  from  the  point  P  upward,  in  tlie  direction  of 
the  thread  C  P.     Also,  let  lines  be  drawn  upon  the  board 
immediately  under  the  threads  P  M  and  P  N.     From 
the  point  P,  on  the  line  P  O,  take  as  many  inches  as 
there  are  ounces  in  the  weight  C.    Let  the  part  of  P  O 
thus  measured  be  P  c,  and  from  c  draw  c  a  parallel  to 
P  N,  and  c  6  parallel  to  P  M.     If  the  sides  P  a  and  P  6 
of  the  parallelogram  thus  formed  bo  measured,  it  will 
be  found  that  P  a  will  consist  of  as  many  inches  as  there 
«ire  ounces  in  the  weight  A,  and  P  6  of  as  many  inches 
9ka  there  are  ounces  in  the  weight  B. 


In  tUa  illnatraUon,  ounet*  and  inehtt  hare  been  nsad 
ne  the  BubdiTuiona  of  tceight  and  length.  It  U  Bcsrcely 
Deceaaarj  to  state,  tbst  an/  other  measures  of  Uiese 
quantities  would  serve  as  well,  only  observing  that  the 
same  denominations  must  be  preserved  in  aU  parta  of 
the  same  investigation. 

(78.)  Among  the  philoaophkal  apparatus  of  the  Dni- 
versity  of  London,  is  a  very  simple  and  convenieiit  in- 
strument which  I  have  constructed  for  the  experimental 
illustration  of  this  important  theorem.  The  wheels  H  N 
are  attached  to  the  tops  of  two  tall  stands,  the  heights 
of  which  maj  be  varied  at  pleasure  by  an  adjuatiiig  j 
screw.  A  jointed  parallelogrsiD,  ABCD, /|^.  9.,  ii  | 
formed,  whose  sides  are  divided  into  inches,  and  tba 
joints  at  A  and  B  are  moveable,  so  as  to  vary  the  lengths 
of  the  sides  at  pleasufe.  Tlie  joint  C  is  fiied  at 
extremity  ofa  ruler,  also  divided  into  inches,  while  the  i^ 
positc  joint  A  ia  attached  to  a  braes  loop,  which  eunound* 
the  diagonal  ruler  loosely,  so  aa  to  slide  freely  along  it 
An  udjuating  screw  ia  provided  in  this  loop  eo  ai 
clamp  it  in  any  required  poailion. 
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(79.)  In  the  examples  of  the  composition  of  forces 
which  we  have  here  given,  the  effects  of  the  forces  are 
the  production  of  pressures,  or,  to  speak  more  correctly, 
the  theorem  which  we  have  illustrated,  is  **  the  compo- 
sition of  pressures."    For  the  point  P  is  supposed  to  be 
at  rest,  and  to  be  drawn  or  pressed  in  the  directions 
PM  and  PN.    In  the  definition  which  has  been  given 
of  the  word  force,  it  is  declared  to  include  motions  as 
well  as  pressures.    In  fact,  if  motion  be  resisted,  the  ef- 
fect is  converted  into  pressure.    The  same  cause  acting 
upon  a  body,  will  either  produce  motion  or  pressure,  ac- 
cording as  the  body  is  free  or  restrained.    If  the  body 
be  free,  motion  ensues  ;  if  restrained,  pressure,  or  both 
these  effects  together.    It  is  therefore  consistent  with 
analogy  to  expect  that  the  same  theorems  which  regu- 
late pressures,  will  also  be  applicable  to  motions ;  and 
we  find  accordingly  a  most  exact  correspondence. 

(80.)  If  a  body  have  a  motion  in  the  direction  A  B, 
and  at  the  point  P  it  receive  another  motion,  such  as 
would  carry  it  in  the  direction  P  C^fig.  10.,  were  it  pre- 
viously quiescent  at  P,  it  is  required  to  determine  the 
direction  which  the  body  will  take,  and  the  speed  with 
which  it  will  move,  under  these  circumstances. 

Let  the  velocity  with  which  the  body  is  moving  from 
A  to  B  be  such,  that  it  would  move  through  a  certain 
space,  suppose  P  N,  in  one  second  of  time,  and  let  the 
velocity  of  the  motion  impressed  upon  it  at  P  be  such, 
that  if  it  had  no  previous  motion  it  would  move  from  P 
to  M  in  one  second.  From  the  point  M  draw  a  line 
parallel  to  P  B,  and  from  N  draw  a  line  parallel  to  P  C, 
and  suppose  these  lines  to  meet  at  some  point,  as  O. 
Then  draw  the  line  P  O.  In  consequence  of  the  two 
motions,  which  are  at  the  same  time  impreascd  upon  the 
body  at  P,  it  will  move  in  the  straight  line  from  P  to  O. 
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Tbua  the  two  motiona,  which  are  exprewed  in  qnui- 
Uty  uid  direction  by  the  sides  of  a,  paraUelogTam,  will, 
when  given  to  the  same  body,  produce  a  eingle  motion, 
expre»Bed  in  quantity  and  direction  by  ita  diagonal ;  ( 
theqrem  which  is  to  motions  exactly  what  the  famwi 
waa  to  pressuies. 

There  ue  vsriouB  methods  of  illuBtrating  experimen- 
tally the  coinpoaition  of  motion.  An  ivory  bBJl,bein^pliC' 
ed  upon  a  perfectly  level  squtire  table,  at  one  of  the  cot- 
ners,  and  receiving  two  equal  impulses,  in  the  directioni 
of  the  sides  of  the  table,  will  move  along  the  diagonaL 
Apparatus  for  this  experiment  iliSer  from  each  other  on- 
ly in  the  way  of  communicating  the  impulses  to  the  ball. 

(81.)  As  two  motions  simultaneously  communicatsd 
to  a  body  are  equivalent  to  a  single  motion  in  an  inter- 
mediate direction,  so  also  a  single  motion  may  be  me- 
chanically replaced,  by  tu-u  motiona  In  diroclions  en- 
pressed  by  the  sides  of  any  porallelo^ram,  whose  diago- 
nal represents  the  single  motioo.  This  process  is  "the 
resolution  of  motion,"  and  gives  considerable  cleameas 
and  facility  to  many  mechanical  investigHtlons. 

(82.)  It  is  frequently  necessary  to  express  the  portion 
n  force,  which  acta  in  some  given  direction  dJF' 
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•nd  thereibre  the  effective  part  of  the  fotce  AP  in  the 
direction  A  B  is  expressed  by  A  M« 

(8d.)  Any  number  of  forces  acting  on  the  same  point  of 
a  body  may  be  replaced  by  a  single  force,  which  is  me- 
chamcally  equivalent  to  them,  and  which  is,  there^M 
their  resultant.  This  composition  may  be  effected  bj 
the  SDCcessive  application  of  the  parallelogram  of  forces. 
Let  the  several  forces  be  called  A,  B,  C,  D,  B,  dE«. 
Draw  the  parallelogram  whose  sides  express  the  forces 
A  and  B,  and  let  its  diagonal  be  A'.  The  force  ex^ 
pressed  by  A'  will  be  equivalent  to  A  and  B.  Then 
draw  the  parallelogram  whose  sides  express  the  forces 
A'  and  C,  and  let  its  diagonal  be  B'.  This  diagonal 
will  express  a  force  mechanically  equivalent  to  A'  and 
C.  But  A'  is  mechanically  equivalent  to  A  and  B,  and 
therefore  B'  is  mechanically  equivalent  to  A,  B,  and  C« 
Next  construct  a  parallelogram,  whose  sides  express  the 
forces  B'  and  D,  and  let  its  diagonal  be  C  The  force 
expressed  by  C  will  be  mechanically  equivalent  to  the 
forces  B'  and  D;  but  the  force  B'  is  equivalent  to  A,  B 
C,  and  therefore  C  is  equivalent  to  A,  B,  C,  and  D.  By 
continuing  this  process  it  is  evident,  that  a  single  force 
may  be  found,  which  will  be  equivalent  to,  and  may  be 
always  substituted  for,  any  number  of  forces  which  act 
apon  the  same  point. 

If  the  forces  which  act  upon  the  point  neutralize  each 
other,  so  that  no  motion  can  ensue,  they  are  said  to  be 
in  equilibrium. 

(84.)  Examples  of  the  composition  of  motion  and  pres- 
sure are  continually  presenting  themselves.  They  oc- 
cur in  almost  every  instance  of  motion  or  force  which 
Mia  under  our  observation.  The  difficulty  is  to  find  an 
extmple  which,  strictly  speaking,  is  a  simple  motion. 


Wlien  a  bott  ii  rowed  acran  a  mer,  in  whieJi  Uiub 
is  «  current,  it  will  Dot  move  in  the  direction  in  whicfait 
ii  impelled  by  the  oua.  Neither  will  it  take  the  dinw 
timi  of  the  atream,  but  will  proceed  exactly  in  that  in 
tagtediate  direction  which  ia  detemuiied  by  Hu)  conqm 
^Uaa  of  force. 

Let  A,  _fig.  13.,  be  the  (dace  of  the  boat  at  ataiting ; 
•nd  suppoee  that  the  oats  are  so  worked  aa  to  impel  tha 
boat  towaida  B  with  a  force  which  would  carry  it  to  B 
in  one  hour,  if  there  were  no  current  in  the  river.  But 
on  the  other  hand,  suppoae  the  rapidity  of  the  CDmntia 
■uch,  that  without  any  exertion  of  the  rowers  the  boat 
would  float  down  the  atream  in  one  hour  to  C.  From 
C  draw  C  D  parallel  to  A  B,  and  draw  the  atraiglit  line 
A  D  diagonally.  The  combined  efiect  of  the  o*n  and 
the  current  will  be,  that  the  boat  will  be  carried  alonf 
A  D,  and  will  arrive  at  the  opposite  bank  in  on*  twuiv 
at  the  point  D. 

If  the  object  be,  therefore,  to  reach  the  point  B^  atait- 
ing  ftoiu  A,  the  rowers  miist  calculate,  aa  nearly  as 
possible,  the  velocity  of  the  current.  Thoy  must  imag- 
iue  a  certain  point  E  at  such  a  distanre  above  B  lliat 
the  boat  would  he  lloaCed  hv  the  atream  from  E  t< 


awiMifei  oanraM^Vll^ppnN 

Hi  ■■■!■  miiw  ^  "" ^  "" ""'  l^^^g^l*-^  --^„ 

.  T^KrMlte^  tiia  mn  HmoMlmB,. in napefli 
boBtlfiaaaBipleofthecoiiipontionoffince.  I 
J^  ia^fenlhi^htadi  and  &the  stem  oTihc  boat.  .*; 

iii  ftce  towards  IB;  aad  plaeaa  tta 

(iujftKa«»|Rg»;»F>:  Hie  resurtanoe  of  tlwwater-ptfv. 
4lloe»ftMi.*<m>tlM  «ide  of  the  boat,  in  tlie  direMoSi 
Qts  ai4<£U^wliieh|  by^.tlie-  eompotatifnai  foree^aie 
i|wi  alupft .  .t»  <hi»  dJagwd  fi»ceKL,intlie  direolioa 
af  llwJiaeL  •.■-.... 

..ISMte^^t^Mnrntiaiia  wiQaf^y  to  almost  every  bodtf 
loaBeBiir.by:imtfmitfntii  projectiiig  firom  itaside%'aiii 
■I  fim^fHiiiMjr  i  flniil  Theiii0tifliiBoffiriiesytiM.aetof 
■liiiMnimyj  the  flight  of  birds,  are  all  instances  of  tUs 
ssme  kind* 

(85.)  The  action  of  wind  npon  the  sails  of  a  vessel, 
and  the  ftfce  thereby  transmitted  to  the  keel,  modified 
,  by  the  rodder,  is  a  problem  which  is  solved  by  the  prin- 
^cifdes  of  the  ^composition  and  resolution  of  force ;  but  it 
ii  of  tpo  eonqdicated  and  difficult  a  nature  to  be  intro- 
dnced^  wittrall  its  necessary  conditions  and  limitaticms 
in  this  fdace.    The  question  may,  hoVever,  be  simplifi^ 
ed,  if  we  c<Hisider  the  convass  of  the  sails  to  be  stretch* 
ed  so  completely  as  to  form  a  plane  sur&ce.    Let  A  B, 
^.  Vkf  be  the  position  of  the  sail,  and  let  the  wind  blow 
in  the  jdirection  CD.    If  the  line  C  D  be  taken  to  ex- 
press the  force  of  the  wind,  let  D  £  C  F  be  a  parallelo- 
gniii^.jfjC^which  it  is  the  diagonaL    The  force  C  ]>  is 
eq^^fn|j||i|t  to  two.  forces,  one  in  the  direction  F  D  of  the 
iJniq^jjl  tl^c  canvass,  and  the  other  £  D  perpendacnlar 
tr  thf  jiiyn,.  .^Sha  effect,  therefore,  is  the  laitte  as  if  there 
'  *  d4 
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wai*lP*-wMdt,  one  blowinjr  in  the  direction  of  F  D  n 
B  A,  that  k|  «f^nat  the  edge  of  the  lail,  and  the  otter, 
ED,  blowing' fall  BgsinBtita  face.  It  ia evident  tJut the 
fbrmer  will  prodnce  no  efiect  whataver  upon  the  mI, 
awl  that  the  latter  will  nrge  the  reeeel  in  the  diractian 
DG. 

Let  na  now  consider  this  force  D  G  a«  acting  in  tin 
diagonal  of  the  parallelogram  D  H  O  I.  It  will  be  eqai- 
valent  to  two  forces,  D  H  and  D 1,  acting  along  die  sides. 
One  of  these  forces,  DH,  is  is  the  direction  of 
the  keel,  and  the  other,  D  I,  at  right  angles  to  tin 
length  of  the  resEel,  so  as  to  urge  it  wrftweje.  Tin 
form  of  the  vessel  is  evidently  such  as  to  aSer  a  grert 
resistsnce  to  the  latter  force,  and  very  little  to  tbe  for- 
mer. It  conseqaentljr  proceeds  with  eonsideraUe  ve- 
locity in  the  direction  D  H  of  its  keel,  and  makes  way 
verj  riowly  in  the  sideward  direction  D  I.  The  latter 
eSbct  is  called  Ut-uxttf. 

Prom  this  explanation  it  will  be  easily  onderstooi 
hoiw  a  wind  which  is  nearly  opposed  to  the  course  of  a 
vessel  may,  nevertheless,  be  made  to  impel  it  by  the  ef- 
fect of  sails.     The  angle  B  D  V,  formed  by  the  sail  nnd 
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that  the  original  force  is  resolved  into  three,  vis.  F  D, 
D  I,  D  H,  which,  taken  together,  are  mechanically  equi- 
valent to  it.  The  part  F  D  is  entirely  ineffectual ;  it 
glides  off  on  the  surface  of  the  canvass  without  produc- 
ing any  effect  upon  the  vessel.  The  part  D I  produces 
let-way,  and  the  part  D  U  impels. 

{S3.)  If  the  wind,  however,  be  directly  contrary  to 
the  course  which  it  is  required  that  the  vessel  should 
take,  there  is  no  position  which  can  be  given  to  the  sails 
which  will  impel  the  vessel.  In  this  case  the  recjuired 
course  itself  is  resolved  into  two,  in  which  the  vessel 
sails  alternately,  a  process  which  is  called  (ticking. 
Thus,  suppose  the  vessel  is  required  to  move  from  A  to 
E,^.  16.,  the  wind  setting  from  £  to  A.  The  motion 
A  B  being  resolved  into  two,  by  being  assumed  as  the  di 
agonal  of  a  parallelogram,  the  sides  A  a,  a  B  of  the  paral- 
lelogram are  successively  sailed^over,  and  the  vessel  by 
this  means  arrives  at  B,  instead  of  moving  along  the  di- 
agonal A  B.  In  the  same  manner  she  moves  along  B  6, 
b  Cy  C e,  cDj  J)  df  dE,  and  arrives  at  £.  She  thus  sails 
continually  at  a  sufficient  angle  witli  the  wind  to  obtain 
an  impelling  force,  yet  at  a  sufficiently  small  angle  to 
make  way  in  her  proposed  course. 

The  consideration  of  the  effect  of  the  rudder,  which 
we  have  omitted  in  the  preceding  illustration,  affords 
another  instance  of  the  resolution  of  force.  We  shall 
not,  however,  pursue  this  example  fui-thcr. 

(87.)  A  body  falling  from  the  top  of  the  mast  when 
the  vessel  is  in  full  sail,  is  an  example  of  the  composi- 
tion of  motion.  It  might  be  expected,  that  during  the 
descent  of  the  body,  the  vessel,  having  sailed  forward, 
would  leave  it  behind,  and  that,  therefore,  it  would  fall 
in  the  water  behind  the  stern,  or  at  least  on  the  deck, 
considerably  behind  the  mast  On  the  other  hand,  it  is 
found  toi&ll  at  the  foot  of  the  mast,  exactly  as  it  would 
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if  dw  TCsae]  were  not  in  motion.  To  ucounfrfbr  thi^ 
let  A  B,  Jig.  17.,  be  the  poaitioD  of  the  mut  nben  Ihs 
body  at  the  tap  ia  diaangnged.  The  maet  ia  moring  <m- 
wirdg  with  the  vessel  in  the  direction  A  C,  so  tint  nf 
the  time  which  the  bodj  would  take  to  fall  to  the  deck, 
the  top  of  the  mast  would  move  from  A  to  C.  But  the 
t>ody  beiog  on  the  mast  at  the  moment  it  ia  disengaged, 
has  this  motion  A  C  in  common  with  the  mast ;  and  there- 
fbre  in  ita  descent  it  is  affected  by  two  motiona,  rii.  that 
of  the  vessel  oxpresBed  fay  A  C,  and  ita  descending  mo- 
tion exprensed  by  A  B,  Hence,  by  the  compoaitim  rf 
motion,  it  will  be  found  at  the  opposite  angle  D  of  the 
paraUelogram,  at  the  end  of  the  fidl.  During  the  hll, 
however,  the  mast  has  moved  with  the  vobmI,  and  has 
adnaced  to  C  D,  ao  that  the  body  falla  at  the  foot  of 
the  most 

(88.)  An  inatatice  of  the  rnmpoaitionol'  motion,  which 
is  worthy  of  some  attention,  aa  it  atForcis  b  proof  of  the 
diurnal  tiioljon  of  the  eartli,  \s  derived  &om  observing 
the  descent  of  b  body  from  a  very  high  tower.  To  ren- 
der the  explanation  of  this  more  simple,  we  shall  sup' 
n  the  equator  of  the  earth.  IiSt 
1  of  the  earth   througli 
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,  and  that  in  the  same  time  the  top  T  is  moved 
rotation  of  the  earth  from  T  to  T',  the  foot  beings 
from  P  to  P'.  The  falling  body  is  therefore  en- 
^ith  two  motions,  one  expressed  by  T  T',  and  the 
)y  T  P.  The  combined  effect  of  these  will  be 
in  the  usual  way  by  the  parallelogram.    Take  Tp 

0  TT' ;  the  body  will  move  from  T  to  jp  in  the 
'  the  fall,  and  will  meet  the  ground  at  p.  But 
'  T'  is  greater  than  P  P',  it  follows  that  the  point 

be  at  a  distance  from  P'  equal  to  the  excess  of 
bove  P  P'.  Hence  the  body  will  not  fall  exactly 
foot  of  the  tower,  but  at  a  certain  distance  from 
le  direction  of  the  earth's  motion,  that  is,  east- 

This  is  found,  by  experiment,  to  be  actually  the 
and  the  distance  from  the  foot  of  the  tower,  at 
the  body  is  observed  to  fall,  agrees  with  that 
IB  computed  from  the  motion  of  the  earth,  to  as 
L  degree  of  exactness  as  could  be  expected  from 
tore  of  the  experiment. 

1  The  properties  of  compounded  motions  cause 
if  the  equestrian  feats  exhibited  at  public  specta- 

be  performed  by  a  kind  of  exertion  very  differ- 
m  that  the  spectators  generally  attribute  to  the 
ner.  For  example,  the  horseman  standing  on 
Idle  leaps  over  a  garter  extended  over  the  horse 
t  angles  to  his  motion ;  the  horse  passing  under 
rter,  the  rider  lights  upon  the  saddle  at  the  op- 
side.  The  exertion  of  the  performer,  in  this 
3  not  that  which  he  would  use  were  he  to  leap 
he  ground  over  a  garter  at  the  same  height.  In 
ter  case,  he  would  make  an  exertion  to  rise,  and 
same  time  to  project  his  body  forward.  In  the 
lowever,  of  tlie  horseman,  he  merely  makes  that 
►n  which  is  necessary  to  rise  directly  upwards  to 
cient  height  to  clear  the  garter.      The  motion 
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which  he  bu  in  conunon  with  the  hone,  oompoiu 
with  the  eleratioD  acquired  b;  his  moKtilu'  po 
kCGompliahea  the  leap. 

To  explain  thia  more  fiiUy,  let  A  B  C,Jig.  19^  be 
direction  in  which  the  hone  moves,  A  being  tha  j 
»t  which  the  lider  quita  the  aaddle,  and  C  the  pin 
which  be  retunu  to  it  Let  D  he  the  highest  { 
which  is  to  be  cleared  in  the  leap.  At  A  the  i 
makea  a  leap  towards  the  point  E,  and  this  tsma 
dcuie  at  suob  a  distance  fnca  B,  that  he  wtxild  riaa  : 
B  to  G  in  the  tiine  in  which  the  horse  mores  (to 
to  B>  On  departing  from  A,  the  rider  has,  there: 
two  motioDs,  represented  bj  the  lines  AE  and  A I 
which  he  will  move  from  the  point  A  to  the  oppi 
angle  D  of  the  parollelograni.  At  D,  the  exertion  01 
leap  being  overcame  by  the  weight  of  his  body 
begins  to  retmm  downward,  and  would  &11  frmn 
B  in  the  time  in  which  the  horse  moves  frmn  B  t 
But  at  D  he  still  retains  the  motion  which  he  ha 
common  with  the  horse  ;  and  therefore,  in  leavinf 
point  D,  he  has  two  motions,  eTpressed  fay  the  ! 
D  F  and  D  B.     The  compoimdod  cfTecta  of  these 
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and  the  coehion  were  perfectly  inelastic,  the  resiatance 
of  the  boshion  would  destroy  the  motion  of  the  ball, 
and  it  would  be  reduced  to  a  state  of  rest  at  D.  If,  on 
the  other  hand,  the  ball  were  perfectly  elastic,  it  would 
be  reflected  from  the  cushion,  and  would  receive  as 
much  motion  from  D  to  C  after  the  impact,  as  it  had 
from  C  to  D  before  it.  Perfect  elasticity,  however,  is 
a  quality  which  is  never  found  in  these  bodies.  They 
are  always  elastic,  but  imperfectly  so.  Consequently 
the  ball  after  the  impact  will  be  reflected  from  D  to- 
wards ^C,  but  with  a  less  motion  than  that  with  which  it 
approached  from  C  to  D. 

Now  let  us  suppose  that  the  ball,  instead  of  moving 
from  C  to  D,  moves  from  £  to  D.  the  force  with  which 
it  strikes  D  being  expressed  by  D  E',  equal  to  E  D,  may 
be  resolved  into  two,  D  F  and  D  C,  The  resistance  of 
the  cushion  destroys  D  C^  and  the  elasticity  produces  a 
contrary  force  in  the  direction  D  C,  but  less  than  D  C 
or  D  Cy  because  that  elasticity  is  imperfect.  The  line 
D  C  expressing  the  force  in  the  direction  C  D,  let  D  6 
(less  than  D  C)  express  the  reflective  force  in  the  direc- 
tion D  C.  The  other  element  D  F,  into  which  the  force 
D  £'  is  resolved  by  the  impact,  is  not  destroyed  or  mod- 
ified by  the  cushion,  and  therefore  on  leaving  the  cush- 
ion at  D,  the  ball  is  influenced  by  two  forces,  D  F  (which 
is  equal  to  C  E)  and  D  G.  Consequently  it  will  move  in 
the  diagonal  D  H. 

(91.)  The  angle  E  D  C  is  in  this  case  called  the  "  an- 
gle of  incidence,"  and  C  D  H  is  caDed  "  the  angle  of 
reflection."  It  is  evident,  from  what  has  been  just  in- 
ferred, that  the  ball,  being  imperfectly  elastic,  the 
angle  of  incidence  must  always  be  less  than  the  angle 
of  reflection,  and,  with  the  same  obliquity  of  incidence, 
the  more  imperfect  the  elasticity  is,  the  less  will  be  the 
angle  of  reflection. 
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In  die  impact  of  a.  perfectl;  elastic  body,  the  angle  of 
leflection  would  be  equtl  to  ihe  angle  of  iocidence-  For 
tben  the  line  DG,  expreeaiog  the  reflective  force, 
would  be  taken  equal  to  CD,  and  the  angle  C  DH 
would  be  equal  to  C  D  £.  This  is  found  by  ezperimenl  I 
to  be  the  caae  when  light  is  reflected  from  a  poliihti 
■uHace  of  glass  or  met^. 

Motion  is  Bometimes  distinguiahed  into  dhtolmit  ml 
rdative.  What  "  relative  motion  "  means  k  eaailjr  ei- 
plaioed.  if  a  man  walk  upon  the  deck  of  a  Bh^  &«■ 
atem  to  stem,  he  has  a  relative  motion  which  ia  neat- 
ured  by  the  space  upon  the  deck  over  wliich  be  walb 
in  a  given  time.  But  while  he  is  thus  walking  from 
stem  to  stem,  the  ship  and  its  contents,  including  hioi' 
aeU^  BTo  impelled  through  the  deep  in  the  oppoaite  di- 
nection.  If  it  so  happen  that  the  motion  of  the  man, 
from  stem  to  stem,  be  exactly  equal  to  the  motkin  of  tba 
ship  in  the  contrary  way,  the  man  will  be,  relativelj  ttr 
the  surface  of  the  sea  and  that  of  the  earth,  at  leaL 
Thus,  relatively  to  the  ship,  he  is  in  motion,  while,  rel- 
atively to  the  surface  of  Uie  earth,  he  ie  at  rest  Bat 
still  tbia  is  not  absolute  rest.     The  aur&ce  itaelf  a 
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CHAPTER  VI. 

ATTRACTION. 

(92.)  Whatever  produces,  or  tends   to  produce,  a 
lan^e  in  the  state  of  a  particle  or  mass  of  matter  with 
spect  to  motion  or  rest,  is  a  force.     Rest,  or  uniform 
ctilinear  motion,  are  .therefore  the  only  states  in  which 
ly  body  can  exist  which  is  not  subject  to  the  present 
tion  of  8<mie  force.    We  are  not,  however,  entitled  to 
•nclade,  that  because  a  body  is  observed  in  one  or  oth- 
of  these  states,  it  is  therefore  uninfluenced  by  any 
rces.     It  may  be  under  the  immediate  action  of  forces 
lich  neutralize  each  other :  thus  two  forces  may  be 
ting  upon  it  which  are  equal,  and  in  opposite  direc- 
>n8.     In  such  a  case,  its  state  of  rest,  or  of  uniform 
ctilinear  motion,  will  be  undisturbed.     The  state  of 
lifbrm  rectilinear  motion  declares  more  with  respect 
)  the  body  than  the  state  of  rest ;  for  the  former  be- 
tiys  the  action  of  a  force  upon  the  body  at  some  ante- 
)dent  period;    this   action  having  .been  suspended, 
hile  its  effect  continues  to  be  observed  in  the  motion 
hich  it  has  produced. 

(93.)  When  the  state  of  a  body  is  changed  from  rest 
>  uniform  rectDinear  motion,  the  action  of  the  force  is 
oly  momentary,  in  which  case  it  is  called  an  impulse, 
F  a  body  in  uniform  rectilinear  motion  receive  an  im- 
ulse  in  the  direction  in  which  it  is  moving,  the  effect 
nil  be,  that  it  will  continue  to  move  uniformly  in  the 
ame  direction,  but  its  velocity  will  be  increased  by  the 
mount  of  speed  which  the  impulse  would  have  given 
:,  had  it  been  previously  quiescent.  Thus,  if  the  pre- 
ious  motion  be  at  the  rate  of  ten  feet  in  a  second,  and 
he  impulse  be  such  as  would  move  it  from  a  state  of 
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rest  at  fire  feet  in  a  second,  the  veloci^,  ftfto 
puke,  will  be  fifteen  feet  in  ■.  second.  . 

But  if  the  impulse  be  received  in  a,  direction 
ately  opposed  to  tHe  previous  motion,  tHen  it  wi 
ish  the  Bpeed  by  that  amount  of  velocity  which 
give  to  the  body  had  it  been  previously  at  rest 
example  already  given,  if  the  impulse  were  op 
the  previous  motion,  the  velocity  of  the  body  i 
impulse  would  be  five  feet  in  a  second.  If  the 
received  in  the  direction  opposed  to  the  motion 
as  would  give  to  the  body  at  rest  a  velocity 
that  with  which  it  is  moving,  then  the  efiboi 
that  after  the  impulse  no  motion  will  exist ;  as 
impulse  would  give  it  a  still  greater  velocity,  t 
will  be  moved  in  the  opposite  direction  with-  an 
velocity  equal  to  the  excess  of  that  ^e  to  .the 
over  that  which  the  body  previously  had. 

When  a  body  in  a  state  of  uniform  motion 
an  impulse  in  a  direction  not  coinciding  with  t 
motion,  it  will  move  uniibnnly  after  the  impu 
intermediate  direction,  which  may  be  deten 
the  principles  established  for  the  compoaihon 


ble,  A  continual  preaaure  is  excited  so  tha  orikea  it 
>!»  table.  This  presaurs  is  onlj  tli«  conMqnsnM  of  tte 
tODtiau&l  tendeDCy  of  the  body  to  man  downwri*.  If 
4e  body  were  excited  b;  a.  foice  of  the  unbare  of  U 
^pulae,  tlie  effect  upon  the  table  would  be  itutantuie- 
r  "Ob,  and  would  immediiitely  cewe.  It  wooU,  m  ftct,  be 
How,  But  the  coutinuation  of  ,thfi  preeeuTB  pnrni 
jtbe  continuRtion  of  tho  action  of  tliefimo. 

Jf  the  t&ble  be  removed  fiooi  benemth  the  bodj,  tbe 
which  excites  it  being  no  longer  rMiited,'w31]m^ 
motion ;  it  is  manifested,  not  u  befbre,  by  a  ten- 
'  to  produce  motion,  but  J);  the  aetneJ-ezhibitkiicf 
Uiat  phenomenon.  Now  if  tha  euiting  force  were  u 
impulse,  the  body  would  descend  to  the  groond  with  an 
uidfonri  velocity.  On  the  otiiei  hand,  u  will  hereafter 
appear,  every  moment  of  its  i'ull  increaaea  its  speed,  and 
^that  speed  is  greatest  at  the  instant  it  meets  tha  groond. 
1^  A  piece  of  iron  placed  at  a.  diatence  from  a  magnet 
it,  but  not  with  an  onifonn  velocity.  The 
at  the  magnet  continnes  to  act  during  the  ap- 
.gneshtf  tbe  iron,  and  each  moment  gives  it  increased 
-nuti^ '     ' . 

(JXi.)  The  forces  which  are  thui  in  constant  operation, 
pmeeed  fiom  secret  agencies  wliich  the  human  mind 
hu  navet  been  able  to  detect.  All  the  analogies  of  ua- 
i  that  they  are  not  the  immediate  resnlte  of 
Itvine  will,  but  are  secondary  causes,  that  ia,  vt- 
\tt  acMne  more  remote  principles.  To  ascend  to 
Beeeondaiy  causes,  and  thus  as  it  were  ^>Toaoh 
atKp'  nearer  to  the  Creator,  is  the  great  busineeB  of 
;  and  the  moetcertoip  means  for  accom;dirii- 
.ing  tti^ia  diligently  to  observe,  to  compare,  and  to 
'  dlaaify  the  phenomena,  and  to  avoid  asauming  the  ez- 
irtenca  of  any  thing  which  tias  not  either  been  diiectiy 
obMned,  «r  which  cannot  be  in&rred  demtmatntiTely 
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from  nktural  phenomena.  Philoaophj  should  follow  a»r 
turo,  and  not  lead  her. 

While  the  law  of  inertia,  established  by  obBeTTatioo 
and  reason,  declares  the  inability  of  matter,  from  bdj 
principle  resident  in  it,  to  change  its  stale,  all  the  phe- 
nomena  of  the  universe  prove  that  stale  to  be  in  con- 
stant but  regular  fluctuation.  .  There  is  not  in  eiia- 
tencc  a  single  instance  of  the  phenomenon  of  absolnia 
teat,  or  of  motion  which  is  absolutely  uniform  and  reeti- 
lineat.  In  bodies,  or  the  parts  of  bodies,  there  is  no 
known  instance  of  simple  passive  juxtapoBiUon  unu- 
companied  by  pressure  or  tension,  ot  some  other  "  ten- 
dency to  motion."  Innumerable  secret  powers  are  ever 
at  work,  compensating,  as  it  wore,  for  inertia,  and  mip- 
plying  the  material  world  with  a  substitute  for  the  prin- 
ciples of  action  and  will,  whiclt  give  such  immeamiraUe 
miperiority  to  the  character  of  life. 

(96.)  Thefurceawhich  are  tbusincontinualoperalioD, 
whoso  existence  is  demonstrated  b;  their  obamved  ef 
fecta,  but  whose  nature,  seat,  and  mode  of  operation  are 
unknown  to  us,  are  called  by  the  general  name  idtriielumt. 
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Phenomena  ar6  to  the  natural  philosopher  what  or- 
ganized beings  are  to  the  naturalist.  He  groups  and 
chuwifies  them  on  the  same  principles,  and  with  a  like 
object.  And  as  the  naturalist  gives  to  each  species  a 
name  applicable  to  the  individual  beings  which  exhibit 
corresponding  qualities,  so  the  philosopher  gives  to 
eacli  force  or  attraction  a  name  corresponding  to  the 
]Aenomena  of  which  it  is  the  cause.  The  naturalist  is 
ignorant  of  the  real  essence  or  internal  constitution  of 
the  thing  which  he  nominates,  and  of  the  mannei  in 
which  itccmies  to  possess  or  exhibit  those  qualities  which 
forai  the  basis  of  his  classification ;  and  the  natural  phi- 
losopher is  equally  ignorant  of  the  nature,  seat,  and 
mode  of  operation  of  the  force  which  he  assigns  as  the 
cause  of  an  observed  class  of  effects. 

These  observations  respecting  the  true  import  of  the 
tenn  ^attraction  "  seem  the  more  necessary  to  be  pre- 
mised, because  the  general  phraseology  of  physical  sci- 
ence, taken  as  language  is  commonly  received,  will  seem 
to  convey  something  more.     The  names  of  the  several 
attractions  which  we  shall  have  to  notice,  frequently  re- 
fer the  seat  of  the  cause  to  specific  objects,  and  seem  to 
imply  something  respecting  its  mode  of  operation.   Thus, 
wlien  we  say  "  the  magnet  attracts  a  piece  of  iron, "  the 
true  philosophical  import  of  the  words  is,  "  that  a  piece 
of  iron,  placed  in  the  vicinity  of  the  magnet,  will  move 
towards  it,  or  placed  in  contact,  will  adhere  to  it,  so  that 
some  force  is  necessary  to  separate  them."    In  the  or- 
dinary sense,  however,  something  more  than  this  simple 
fact  is  implied.    It  is  insinuated  that  the  magnet  is  the 
seat  of  the  force  which  gives  motion  to  the  iron  ;  that 
in  the  production  of  the  phenomenon,  the  magnet  is  an 
agent  exerting  a  certain  influence,  of  which  the  iron  is 
the  subject.     Of  all  this,  however,  there  is  no  proof;  on 
the  contrary,  since  the  magnet  must  move  towards  the 
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iron  with  jtut  aa  much  force  u  the  iron  morea  towafdt 

the  magnet,  there  is  as  mnch  reason  to  place  the  aeat 
of  the  force  in  the  iron,  and  consider  it  as  an  agent  af- 
fecting' the  magnet.  But,  in  fact,  the  influence  which 
produces  this  phenomenon  may  not  be  resident  in  eith- 
er the  one  body  of  the  other.  It  may  be  imagined  to 
be  a  property  of  a  medium  in  which  both  are  placed,  la 
to  arise  from  some  third  body,  the  presence  of  which  ii 
not  immediately  observed.  However  attractive  th«M 
and  like  speculations  may  be,  they  cannot  be  allowed  a 
place  in  physical  investigations,  nor  should  cODseqiWB- 
ces  drawn  from  such  hypotheses  be  allowed  to  taint  om 
conclusions  with  their  uncertainty. 

The  student  ought,  therefore,  to  be  aware,  that  what- 
ever may  seem  to  be  implied  by  the  language  used  in 
this  science  in  relation  to  Bttractions,  nothing  is  pennit- 
ted  to  fonn  the  basis  of  reasoning  respecting  them  ei- 
cept  tktir  effects  ;  and  whatever  be  the  common  rignifi- 
cation  of  the  terms  used,  it  is  to  these  efibctfl,  and  to 
these  alone,  they  should  be  referred. 

(97.)  Attractions  may   be  primarily  distributed   into 
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position,  would  have  no  tendency  to  chan^  their  places, 
and  all  would  be  eternal  stillness  and  rest.  If,  then, 
we  are  asked  for  a  proof  of  the  existence  of  molecular 
forces,  we  may  point  to  the  earth  and  to  the  heavens ; 
we  may  name  every  object  which  can  be  seen  or  felt. 
The  whole  material  world  is  one  great  result  of  the 
influence  of  these  powerful  agents. 

(98.)  It  has  been  proved  (11.  et  seq.)  that  the  constit- 
uent particles  of  bodies  are  of  inconceivable  minuteness, 
and  that  they  are  not  in  immediate  contact  (26),  but 
separated  from  each  other  by  interstitial  spaces,  which, 
like  the  atoms  th|emselves,  although  too  small  to  be  di- 
rectly observed,  yet  are  incontestably  proved  to  exist, 
by  observable  phenomena,  from  which  their  existence 
demonstratively  follows.  The  resistance  which  every 
body  opposes  to  compression,  proves  that  a  repulsive 
influence  prevails  between  the  particles,  and  that  this 
repulsion  is  the  cause  which  keeps  the  atoms  separate, 
and  maintains  the  interstitial  space  just  mentioned. 
Although  this  repulsion  is  found  to  exist  between  the 
molecules  of  all  substances  whatever,  yet  it  has  ditferent 
degrees  of  energy  in  difiierent  bodies.  This  is  proved 
by  the  fact,  that  some  substances  admit  of  easy  com- 
pression, while  in  others,  the  exertion  of  considerable 
force  is  necessary  to  produce  the  smallest  diminution 
in  bulk. 

The  space  around  each  atom  of  a  body,  through 
which  this  repulsive  influence  extends,  is  generally 
limited,  and  immediately  beyond  it,  a  force  of  the  opposite 
kind  is  manifested,  viz.  attraction.  Thus  in  solid  bod- 
ies, the  particles  resist  separation  as  well  as  compres- 
sion, and  the  application  of  force  is  as  necessary  to  break 
the  body,  or  divide  it  into  separate  parts,  as  to  force  its 
particles  into  closer  aggregation.  It  is  by  virtue  of  this 
attraction  that  solid  bodies  maintain  their  figure,  and 
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that  theiT  parts  ue  not  sepuated  and  acattered  like 
thoie  of  fluids,  mcKlj  by  theii  own  weight.  Thii 
force  IB  called  the  aitraetion  ofealuMum. 

The  cohesive  forci:  &ctB  in  diSeient  subatuice*  with 
difibrent  degrees  of  energy :  iu  some  iXa  intenii^  ii 
Tery  grekt ;  but  the  sphere  of  its  influeoee  j^parantlj 
very  limited.  This  is  the  case  with  sll  hodiee  whic£  are 
hard,  strong,  and  brittle,  which  no  force  can  extend  or 
atretch  in  any  perceptible  degree,  and  which  require  • 
great  force  to  break  or  tear  them  asunder.  Such,  fa 
example,  is  cast  iron,  certain  stones,  and  TariouB  other 
•nbstancea.  In  some  bodies  the  cohesive  force  is  weak, 
bat  the  sfdicro  of  ile  action  considerablo..  Bodjss 
which  are  easily  extended,  without  being  broken  or 
torn  asunder,  fumiah  examples  of  this.  Buch  are  In- 
dian-rubber, or  caoutchouc,  several  animal  and  Tegeta- 
ble  products,  and,  in  general,  all  solids  of  a  aoft  and 
viscid  kind. 

Between  these  extremes,  the  cohesive  force  may  be 
observed  in  various  degrees.  Id  lead  and  other  soA 
metals,  its  sphere  of  action  is  greater,  and  its  energy 

sa,  ttian  in  tlie  former  exBiniilue ;  but  its  sphere  less, 
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wiQ  adhere  when  pressed  togrether,  and  will  require  a 
considerable  force  to  separate  them.  In  the  same  man- 
ner if  a  piece  of  Indian-rubber  be  torn,  the  parts  sepa- 
rated will  again  cohere,  by  being  brought  together 
wHh  a  slight  pressure.  The  union  of  the  parts  in  such 
instances  is  easy,  because  the  sphere  through  which 
the  influence  of  cohesion  extends  is  considerable  ;  but 
even  in  bodies  in  which  this  influence  extends  through 
a  more  limited  space,  the  cohesion  of  separate  pieces 
will  be  manifested,  provided  their  surfaces  be  highly 
polished,  so  as  to  insure  the  near  approach  of  a  great 
number  ^l^' their  particles.  Thus,  two  polished  surfaces 
of  glass,  metal,  or  stone,  will  adhere  when  brought  into 
contact. 

In  all  these  cases,  if  the  bodiea  be  disunited  by  me- 
chanical force,  they  will  separate  at  exactly  the  parts  at 
which  they  had  been  united,  so  that  after  their  separa^ 
turn  no  part  of  the  one  will  adhere  to  the  other ;  pror- 
ing  that  the  force  of  cohesion  of  the  surfaces  brought 
into  contact  is  less  than  that  which  naturally  held  the 
particles  of  each  together. 

(99.)  When  a  body  is  in  the  liquid  form,  the  weight 
of  its  particles  greatly  predominates  over  their  mutual 
cohesion,  and  consequently  if  such  a  body  be  uncon- 
fined  it  will  be  scattered  by  its  own  weight ;  if  it  be 
placed  in  any  vessel,  it  will  settle  itself,  by  the  force  of 
its  weight,  into  the  lowest  parts,  so  that  no  space  in  the 
vessel  below  the  upper  surface  of  the  liquid  will  be 
unoccupied.  The  particles  of  a  solid  body  placed  in 
the  vessel  have  exactly  the  same  tendency,  by  reason 
of  their  weight ;  but  this  tendency  is  resisted  and  pre- 
vented from  taking  effect  by  their  strong  cohesion. 

Although  this  cohesion  in  solids  is  much  greater  than 
in  liquids,  and  productive  of  more  obvious  effects,  yet 
the  principle  is  not  altogether  unobserved  iu  liduids. 

e3 


80  THE  SLsmitTI  OP  MXCBAHtOS.     CKAW.  Tl. 

Wftter  converted  into  vapor  bf  heat,  i>  divided  into 
inconceivabljr  minute  p&rtlcles,  wliich  ascend  in  tho 
atmosphere.  When  it  is  there  deprived  of  a  psrt  of 
that  heat  which  g'ave  it  the  vaporous  foini,  the  partidei^ 
in  virtue  of  their  cohesive  force,  collect  into  lomid 
drops,  in  which  form  they  descend  to  the  eartli. 

In  the  same  manner,  if  a  Uquid  be  allowed  to  ftU 
gradually  from  the  lip  of  a  vessel,  it  will  not  be  dia- 
miased  in  particles  indefinitely  small,  aa  if  ita  maaa  wcoa 
incoheient,  like  eand  or  powder,  but  will  fall  in  drape  of 
conaideTablc  magnitude.  In  proportion  as  tbe  cobean 
foice  is  greater,  these  drops  affect  a  gn^tu  mw- 
Thus,  oil  and  viscid  liquids  fall  in  large  dropa ;  ethei, 
alcohol,  and  others  in  small  ones. 

Two  drops  of  rain  trickling  down  a  window  paM 
will  coalesce  when  they  approach  each  other ;  and  tiis 
same  phenomenon  is  still  more  remarkable,  if  a  few 
dropa  of  quicksilver  be  qo«,tti>Ted  on  an  horizontal  plit« 
of  glass. 

It  is  llie  cohesive  principle  which  gives  rotundity  to 
grains  of  shot :  the  liquid  metal  is  allowed  to  fall  like 
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If  a  plate  of  glass  be  placed  upon  the  surface  of  water 
without  being  permitted  to  sink,  it  will  require  more 
force  to  raise  it  from  the  water  than  is  sufficient  merely 
to  balance  the  weight  of  the  glass.  This  shows  the 
adhesion  of  the  water  and  glass,  and  also  the  cohesive 
force  with  which  the  particles  of  the  water  resist  sepa* 
ration. 

If  a  needle  be  dipped  in  certain  liquids,  a  drop  will 
remain  suspended  at  its  point  when  withdrawn  from 
them:  and,  in  general,  when  a  solid  body  has  been  im- 
mersed in  a  liquid  and  withdrawn,  it  is  taet;  that  is, 
i9ome  of^be  liquid  has  adhered  to  its  surfaces.  If  no 
attraction  existed  between  the  solid  and  liquid,  the  solid 
would  be  in  the  same  state  after  immersion  as  before. 
This  is  proved  by  liquids  and  solids  between  which  no 
attraction  exists.  If  a  piece  of  glass  be  immersed  in 
mercury,  it  wUl  be  in  the  same  state  when  withdrawn 
as  before  it  was  immersed.  No  mercury  will  adhere  to 
it ;  it  will  not  be  wet. 

When  it  rains,  the  person  and  vesture  are  aiSected 
only  because  this  attraction  exists  between  them  and 
water.  If  it  rained  mercury,  none  would  adhere  to 
them. 

(101.)  When  molecular  attraction  is  exhibited  by 
liquids  pervading  the  interstices  of  porous  bodies,  as- 
cending in  crevices  or  in  the  bores  of  small  tubes,  it  is 
called  capillary  aUracHon,  Instances  of  this  are  innu- 
merable. Liquids  are  thus  drawn  into  the  pores  of 
sponge,  sugar,  lamp-wick,  &c.  The  animal  and  vege- 
table kingdom  furnish  numerous  examples  of  this  class 
of  effects. 

A   weight  being  suspended  by  a  dry  rope,  will  be 

drawn  upwards  through  a  considerable  height,  if  the 

rope  be  moistened  with  a  wet  sponge.    The  attraction 

of  the  particles  composing  the  rope  for  the  water  is  in 
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this  cue  10  {xtwerfiil,  tiut  the  tension  jnodncied  hj  mn- 
eral  hundred  weight  cannot  expel  them. 

A  glass  tube,  of  Bmall  bore,  being  dipped  in.  watM 
tinged  by  mixture  with  a  little  ink,  will  retain  a  qiun- 
tit;  of  the  liquid  suspended  when  withdnwu.  The 
height  of  the  liquid  in  the  tube  wiD  be  seen  by  looking 
IliTough  it  It  is  found  that  the  less  the  boie  of  the 
tube  ia,  the  gre&ter  will  be  the  height  of  the  calanin 
■natained.  A  Beries  of  such  tubes  fixed  in  the  Mns 
ftame,  with  their  lower  orifices  at  the  same  level,  anl 
with  bores  gradually  decreasing,  being  dipped  in  the 
liquid,  will  exhibit  columns  gradually  increai^^ 

A  capOian/  typhm  is  fonned  of  a  hank  of  cotton 
threads,  one  end  of  which  is  immersed  in  the  Teasel 
containiug  the  liquid,  and  the  other  is  carried  into  the 
TflBsel  into  which  the  liquid  is  to  be  trensfeTred.  The 
liquid  may  be  thus  drawn  from  the  one  Teasel  into  the 
other.  The  same  effect  may  be  produced  by  a  glaa 
syphon  with  a  small  bore. 

(lOS.)  It  frequently  happens  that  amafceiilarKpNliMii 
ia  exhibited  between  a  solid  and  a  liquid.    If  a  joeca  of 


CHAB.  VI.  AFFINITY.  83 

(103.)  Of  all  the  forms  under  which  molecular  force 
is  exhibited,  that  in  which  it  takes  the  name  of  c^finUy 
is  attended  with  the  most  conspicuous  effects.  Affinity 
is  in  chemistij  what  inertia  is  in  mechanics,  the  basis 
of  the  science.  The  present  treatise  is  not  the  prop- 
er place  for  any  detailed  account  of  this  important  class 
of  natural  phenomena.  Those  who  seek  such  knowl- 
edge are  referred  to  our  treatise  on  Chemistry. 
Since,  however,  affinity  sometimes  influences  the  me- 
chanical state  of  bodies,  and  affects  their  mechanical 
properties,  it  will  be  necessary  here  to  state  so  much 
respecting  it  as  to  render  intelligible  those  references 
which  we  may  have  occasion  to  make  to  such  effects. 

When  the  particles  of  different  bodies  are  brought 
into  close  contact,  and  more  especially  when,  being  in 
a  fluid  state,  they  are  mixed  together,  their  union  is  fre- 
quently observed  to  produce  a  compound  body,  differing 
in  its  qualities  from  either  of  the  component  bodies* 
Thus  the  balk  of  the  compound  is  often  greater  or  less 
than  the  united  volumes  of  the  component  bodies.  The 
component  bodies  may  be  of  the  ordinary  temperature 
'  of  the  atmosphere,  and  yet  the  compound  may  be  of  a 
much  higher  or  lower  temperature.  The  components 
may  be  liquid,  and  the  compound  solid.  The  color  of 
the  conqK>und  may  bear  no  resemblance  whatever  to 
that  of  the  components.  The  species  of  molecular 
action  between  the  components,  which  produce  these 
and  similar  effects,  is  called  affinity, 

(104.)  We  shall  limit  ourselves  here  to  the  statement 
of  a  few  examples  of  these  phenomena. 

If  a  pint  of  water  and  a  pint  of  sulphuric  acid  be 
mixed,  the  compound  will  be  considerably  less  than  a 
quart.  The  density  of  the  mixture  is,  therefore,  great- 
er than  that  which  would  result  from  the  mere  diflfusion 
of  th$  particles  of  the  one  fluid  through  those  of  the 
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other.    The  pvticlei  hava  uBumed  a.  greater  prcgdmi^, 
and  therefore  exhibit  b.  mutual  attraction. 

In  this  experimeat,  although  the  liquida  before  beinf 
mixed  be  of  the  temperature  of  the  aurroundiiig  >ir,  the 
nuzture  will  be  so  intensely  hot,  that  the  veuel  which 
contains  it  cannot  be  touched  without  pain. 

If  the  two  aeriform  fluids,  called  oxygen  and  hydro- 
gen, be  mixed  together  in  a  certain  proportion,  tha 
compound  will  be  water.  In  this  case,  the  componenta 
are  difibrent  from  the  compound,  not  merely  in  the  tae 
being  air  and  the  other  liquid,  but  in  other  reapaela  iwt 
1m*  striking.  The  compound  water  eztingniaheB  fire, 
and  yet  of  the  component*,  hydrogen  is  one  of  the 
meet  inflammable  substances  in  nature,  and  the  pree- 
ence  of  oxygen  is  indlapensably  neceaaaiy  to  nstaia  the 
phenomenon  of  combustion. 

C'^S^'i  KU,  united  with  quiotuilTer,  prodnces  a  CO^ 
pound  of  a  black  color,  the  quicksilvei  being  white  ui 
the  gaa  colorleae.  When  these  substances  are  c 
bined  in  another  proportion,  thej  give  a  red  a 

(105.)  Having  noticed  the  principal  molecular  ferce^ 
we  shall  now  proceed  to  the  consideration  of  thoen  at- 
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Wfcm  gT— f  TIT  Amhsi.  uil  ouier  iinhflUnrM  &?« 
mkmtlBti  «i  iSsBtiiDL  -vtjii:  silffis  or  woolk".!!  doih.  Um^t 
uculiLi'ii  TH.  asmcn  ieiiLrier&.  and  oiiicr  Ii^)il  bodi.** 
pbeed  weme  xban^  A  Ii£«^  edtrt  is  produced  in  M*vcral 
odier  mmx9f,Mtdim  s^uEmaed  wiifa  oiher  pfaeDomona,  the 
of  nncii  focmf  a  principal  part  of  pliynical 
fht  i&avt  liiiK  exhibited  is  c-alled  eWtriciiy. 
For  dettiB*  woBfoasixg  it,  and  for  its  connection  with 
BMgBetiflBt  tiie  re&der  is  referred  to  our  troatiaieM  oo 
Elkctbkivt  and  Elsttko-hagxetish. 

(lOGL^  Tliese  astTBctiona  exist  eitlier  between  bodies 
of  puiiealar  knuds,  or  are  developed  by  rcdiicinff  Uie 
bodies  vkirh  amnsfesi  them  to  a  certnin  state  by  fric- 
tioOv  or  Bome  <ither  means.    There  is,  however,  an  at- 
tnction,  vhich  is  manifested  between  bodies  of  all  spc- 
ciea^  and  imder  all  circomstances  wliatcver ;  an  at  true- 
tioQ,  the  intensity  of  which  is  wholly  independent  of 
the  mtnre  of  the  bodies,  and  only  depends  on  their 
masses  and  mutual  distances.     TJiiis,  if  a  mass  of  metal 
and  amass  of  clay  be  placed  in  the  vnst  abyss  of  }<)nu*i\ 
at  a  mile  asunder,  tliey  \\i\\  instantly  coinineiiC(>  to  a|)- 
proach  each  other  with  certain  velocities.     Airnin,  if  a 
mass  of  stone  and  of  wood  respectively  oqiml  to  the 
fonner,  be  placed  at  a  like  distance,  they  will  also  com- 
mence to  approach  each  other  with  the  Hnino  vclocilioM 
as  the  former.     This  universal  attraction,  which  only 
depends  on  the  quantity  of  the  masses  and  their  mutual 
distances,  is  called  the  "  attraction  of  gravitjition."     Wo 
shall  first  explain  the  ^^  law  "  of  tliis   attraction,  and 
shall  then  point  out  some  of  the  principal  ])hcnomcna 
by  which  its  existence  and  its  law  are  known. 

(107.)  The  "  law  of  gravitation,"  sometimes  from 
its  universality  called  the  "  law  of  nature,"  may  bo  ex- 
plained as  follows : 
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Lm  iu  MippMe  two  roasMB,  A  uid  B,  in  pun  ipace, 
beyond  the  inSnence  or  sttraction  of  my  other  bodiei^ 

KoA  placed  in  n  slate  of  tmI,  fit  nny  pioposed  dirtaiiee 
&0B>  each  other,  fly  Llieir  mulusJ  attraction  they  will 
approach  each  other,  but  not  with  the' same  velocity. 
The  velocity  of  A  will  be  greater  than  that  of  B,  in  the 
BUne  proportion  ha  its  masB  is  less  than  that  of  B, 
Thus,  if  the  maii3  of  B  be  twice  that  of  A,  whae  A 
approschex  B  through  a  apuce  of  two  feel,  B  will  ap- 
proach A  Ihrongh  a  space  of  one  foot  Hence  it  fbl- 
lowH,  that  tho  force  wilJi  which  A  moves  towards  B  a 
equal  to  the  force  with  which  B  moves  towards  A  (68). 
This  is  only  a  consequence  of  the  property  of  inertia, 
and  is  an  example  of  the  eqiitility  of  action  and  reaction, 
as  eiplained  in  Chapter  IV,  The  velocity  with  vthieh 
A  and  B  approach  each  other  is  estimated  by  the  dimi- 
nution of  their  distance,  A  B,  by  their  mutual  approach 
in  a  given  time.  Thus,  if  in  one  second  A  more  to- 
wards B  through  a  space  of  two  feet,  and  in  the  noK 
time  B  move  towards  A  through  the  space  of  one  fbol, 
they  will  approach  each  other  through  a  space  of  three 
feet  in  a  second,  which   will  be  their  relative  velocity 
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mixiiBh  or  otherwise  afiect  the  influence  of  B  on  its  for- 
mer mass. 

Thus  it  is  a  general  law  of  gravitation,  that  so  long 
as  the  distance  between  two  bodies  remains  the  same, 
each  will  attract  and  be  attracted  by  the  other,  in  pro- 
portion to  its  mass ;  and  any  increase  or  decrease  of 
the  mass  will  cause  a  corresponding  increase  or  de- 
crease in  the  amount  of  the  attraction. 

(106.)  We  shall  now  explain  the  law,  according  to 
which  the  attraction  is  changed,  by  changing  the  dis- 
tance between  the  bodies.  At  the  distance  of  one 
mile  the  body  B  attracts  A  with  a  certain  force.  At  the 
distance  of  two  miles,  the  masses  not  being  changed, 
the  attraction  of  B  upon  A  will  be  one-fourth  of  its 
amount  at  the  distance  of  one  mile.  At  the  distance  of 
three  miles,  it  will  be  one-ninth  of  its  original  amount ; 
at  four  xniles,  it  is  reduced  to  a  sixteenth,  and  so  on. 
The  f[»llowing  table  exhibits  the  diminution  of  the  at- 
traction corresponding  to  the  successive  increase  of 
distance: 


l|2|3|4|5|6|7|8|&c. 


Distance 


Attraction 
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In  ARITHMETIC,  that  number  which  is  found  by  mul- 
tiplying any  proposed  number  by  itself,  is  called  its 
square.  Thus  4,  that  is,  2  multiplied  by  2,  is  the  square 
of  2;  9,  that  is,  3  times  3,  is  the  square  of  3,  and  so  on. 
On  inspecting  the  above  table,  it  will  be  apparent, 
therefore,  that  the  attraction  of  gravitation  decreases  in 
the  same  proportion  as  the  square  of  the  distance  from 
the  attracting  body  increases,  the  mass  of  both  bodies 
in  this  case  being  supposed  to  remain  the  same ;  but 
if  the  mass  of  either  be  increased  or  diminished,  the 
attraction  will  be  increased  or  diminished  in  the  same 
proportion. 
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(109.)  Hence  the  taw  of  nature  may  be  thus  expresi- 
ed ;  "The  mutual  attraction  of  two  boilifa  increases  IB 
tiie  aame  proportion  bh  their  iniaseH  Rre  increased,  and 
tu  the  aqnare  of  their  distance  is  decreased  ;  and  it  de- 
creases in  proportion  aa  their  maaaes  are  decreased, 
and  as  the  square  of  their  distance  is  incieased." 

{110.)  Having  explained  the  law  of  gravitation,  we 
ahall  now  proceed  to  show  how  the  existence  of  flitfl 
force  is  proved,  and  its  law  discovered. 

The  earth  b  known  to  be  a  globular  mass  of  matter, 
incomparably  greater  than  any  of  the  detached  bodies 
which  are  found  upon  its  surface.  If  one  of  these  bod- 
ies suspended  at  any  proposed  hcif^ht  above  the  surfiice 
of  tiie  earth  be  disengaged,  it  will  be  observed  to  de- 
scend perpendicukrl;  to  the  earth,  that  is,  in  the  direc- 
tion of  the  earth's  centre.  The  force  with  which  it  de- 
Bc«ids  will  also  be  found  to  he  in  proportion  tnthemasB, 
without  any  regard  to  the  species  of  the  body.  These 
circumstance  a  are  consistent  witJi  the  account  which  we 
have  given  of  gravitation.  But  by  that  account  wo 
should  e.vpect,  that  aa  the  falling  body  is  attracted  with 
iin  force  towards  ttie  earth,  the  earth  itself  should 
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obfenration.  It  has  been  stated  (107),  that  when  two 
bodies  attract  each  other,  the  space  through  which  the 
greater  approaches  the  lesser,  bears  to  that  through 
which  the  lesser  approaches  the  greater,  the  same  pro- 
portion as  the  mass  of  the  lesser  bears  to  the  mass  of 
the  greater.  Now  the  mass  of  the  earth  is  more  than 
1000,000,000,000,000  times  the  mass  of  any  body  which 
is  observed  to  fall  on  its  surface ;  and  therefore  if  even 
the  largest  body  which  can  come  under  observation 
were  to  fall  through  an  height  of  500  feet,  the  corre- 
sponding motion  of  the  earth  would  be  through  a  space 
less  than  the  1000,000,000,000,000th  part  of  500  feet, 
which  is  less  than  the  100,000,000,000th  part  of  an  inch. 

The  attraction  between  tlie  earth  and  detached  bod- 
ies on  its  surface  is  not  only  exhibited  by  the  descent 
of  these  bodies  when  unsupported,  but  by  theL^ pres- 
sure when  supported.  This  pressure  is  what  is  called 
UfeighL  The  phenomena  of  weight,  and  the  descent  of 
heavy  bodies,  will  be  fully  investigated  in  the  next 
chapter. 

(111.)  It  is  not  alone  by  the  direct  fall  of  bodies,  that 
the  gravitation  of  the  earth  is  manifested.  The  curvi- 
linear motion  of  bodies  projected  in  directions  differ- 
ent from  the  perpendicular,  is  a  combination  of  the  ef- 
fects of  the  uniform  velocity  which  has  been  given  to 
the  projectile  by  the  impulse  which  il  has  received,  and 
the  accelerated  velocity  which  it  receives  from  the 
earth's  attraction.  Suppose  a  body  placed  at  any  point 
P,  Jig,  21.,  above  the  surface  of  the  earth,  and  let  P  C 
be  the  direction  of  the  earth's  centre.  If  the  body 
were  allowed  to  move  without  receiving  any  impulse, 
it  would  descend  to  the  earth  in  the  direction  P  A, 
with  an  accelerated  motion.  But  suppose  that  at  the 
moment  of  its  departure  from  P,  it  receives  an  impulse 
in  the  direction  P  B,  which  would  carry  it  to  B  in  the 
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timB  the  body  would  tall  from  P  to  A|  then,  bj  the  oko- 
poiition  of  motion,  tho  body  miut  at  the  end  of  tlut 
time  be  found  in  the  line  B  D,  paruUel  to  P  A.  If  the 
motion  in  the  direutiou  of  P  A  were  uniform,  the  bod; 
F  would  in  this  case  move  iu  the  straight  line  ttota  P 
to  D.  But  tliia  is  not  the  case.  The  velocity  of  tht 
body  in  the  direction  P  A  is  at  first  bo  email  a5  to  pro- 
duce very  little  de&ection  of  itd  motion  from  the  line 
P  B.  Aa  the  velocity,  Ijowevor,  increises,  this  dettee- 
tion  incieases,  bo  that  it  movea  from  P  to  B  in  a  cone, 
which  13  convex  towards  P  i). 

The  greater  tJie  velocity  of  the  projectile  in  the  di- 
rection P  B,  the  greater  sweep  the  curve  will  take- 
Thus  it  will  Bucceasively  Uke  the  forms  P  D,  P  E,  P  F, 
&,c^  and  that  velocity  con  be  computed,  which  (setting 
asid^  the  reBislance  of  the  air)  would  cause  tlie  projec- 
tile to  go  completely  round  the  earth,  and  return  to  the 
point  P  liom  which  it  departed.  In  this  co^e,  the  bod; 
P  would  continue  to  revolve  round  the  earth  like  the 
moon.  Hence  it  is  obvious,  thil  the  phenomenon  of 
the  revolution  of  the  moon  round  the  earth,  is  nothing 
e  than  the  combined  effects  of  the  earth's  allracSon, 
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naai  die  Ban  in  orlyits  neariy  circular,  moat  be  coosid- 
ored  an  effect  of  the  same  claaay  as  well  as  tlie  revolu* 
tbnof  the  satellites  of  those  planets  which  are  attend- 
ed by  sach  bodies.    Although  the  orbits  in  which  the 
comets  move  deviate  very  much  from  circles,  yet  this 
does  not  hinder  the  application  of  the  same  principle  to 
ffaem,  their  deviation  from  circles  not  depending  on  the 
urn's  attraction,  but  only  on  the  direction  and  force  of 
Jit6  original  impulse  which  put  them  in  motion. 

(113.)  We  therefore  conclude  that  gravitation  is  the 
principle  which,  as  it  were,  animates  the  universe.  All 
the  great  changes  and  revolutions  of  the  bodies  which 
compose  our  system,  can  be  traced  to  or  derived  from 
this  principle.  It  still  remains  to  show  how  that  remarka- 
ble law,  by  which  this  force  is  declared  to  increase  or  de- 
crease in  the  same  proportion  as  the  square  of  the  dis- 
tance  from  the  attracting  body  is  decreased  or  increased, 
may  be  verified  and  established. 

It  has  been  shown,  that  the  curvilinear  path  of  a  pro- 
jectile depends  on,  and  can  be  derived,  by  mathemati- 
cal reajBonisg,  from  the  consideration  of  the  intensity  of 
the  earth's  attraction,  and  the  force  of  the  original  im- 
pulse, or  the  velocity  of  projection.  In  the  same  man- 
ner, by  a  reverse  process,  when  we  know  the  curve  in 
which  a  projectile  moves,  we  can  infer  tho  amount  of 
the  attracting  force  which  gives  the  curvature  to  its 
path.  In  this  way,  from  our  knowledge  of  the  curva- 
ture of  the  moon's  orbit,  and  the  velocity  with  which 
flhe  moves,  the  intensity  of  the  attraction  which  the 
earth  exerts  upon  her  can  be  exactly  ascertained. 
Upon  comparing  this  with  the  force  of  gravitation  at 
the  earth's  surface,  it  is  found  that  the  latter  is  as  many 
times  greater  than  the  former,  as  the  square  of  the 
moon's  distance  is  greater  than  the  square  of  the  dig- 

/ 
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tence  of  a  body  an  the  Buiface  of  the  earth  from  ill 

(114.)  If  thia  were  the  only  fact  which  could'be  , 
brought  to  establish  llie  law  of  nature,  it  might  tw 
thought  to  be  on  accidental  relation,  not  neceastrilj 
characterizing  the  attraclioo  of  graiitalioa.  Upo» 
examining  the  orbiu  and  velocilies  of  the  severs!  plui- 
etB,  the  snme  result  is,  however,  obtained.  It  is  ftaaii 
that  the  forces  with  wiiicb  they  are  aeverdly  attracted 
by  the  sun  are  great,  in  exactly  the  eajce  proportjoa  u 
the  Bcjuares  of  the  several  iinmberB  expressing  theli 
distances  are  small.  The  mutual  gravitation  of  bodiei 
on  the  aurfoco  of  the  earth  towards  each  other  is  lost  in 
the  predominating  force  exerted  by  the  earth  upon  ill 
of  them.  Nevertheless,  iii  some  cases,  tliis  effect  hu 
not  only  been  observed,  hut  actually  measured. 

A  ptuinh-line,  under  ordinary  circumstances,  huigi 
in  a,  direction  tiuly  verUcal ;  hut  if  it  be  near  a  large 
mass  of  matter,  aa  a  mountain,  it  bos  been  observed  to 
be  deflected  from  the  true  vertical,  towards  the  aiODS- 
tain.  This  effect  was  observed  by  Dr.  Maskeline  neti 
'  1  called    Skehallien,  in  Scotland,  and  % 
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taken  that  no  magnetic  substance  is  intennixed  with  the 
materials  of  the  balls. 

Having  so  far  stated  the  principles  on  which  the  law 
of  gravitation  is  established,  we  shall  dismiss  this  sub- 
ject withoat  iurther  details,  since  it  more  properly  be- 
longs to  the  subject  of  Physical  Astroxomt;  to 
which  we  refer  the  reader  for  a  complete  demonstration 
of  the  law,  and  for  the  detailed  developement  of  its 
various  and  important  consequences. 


CHAPTER  VII. 


TERRESTRIAL  GRAVITT. 


(115.)  Gravitation  is  the  general  name  given  to 
this  attraction,  by  whatever  masses  of  matter  it  may  be 
manifested.  As  exhibited  in  the  effects  produced  by 
the  earth  upon  surrounding  bodies,  it  is  called  ^  terres- 
tdal  gravity." 

As  the  attraction  of  the  earth  is  directed  towards  its 
centre,  it  inight  be  expected  that  two  plumb-lines  should 
appear  not  to  be  parallel,  but  so  inclined  to  each  other 
as  to  converge  to  a  point  under  the  surface  of  the 
earth.  Thus,  if  A  B  and  C  D,  Jig,  23.,  be  two  plumb- 
lines,  each  will  be  directed  to  the  centre  O,  where,  if 
their  directions  were  continued,  they  would  meet.  In 
like  manner,  if  two  bodies  were  allowed  to  fall  from  A 
and  C,  they  would  descend  in  the  directions  A  B  and 
C  D,  which  converge  to  O.  Observation,  on  the  con- 
trary, shows,  that  plumb-lines  suspended  in  places  not 
far  distant  from  each  other  are  truly  parallel ;  and  that 
bodies  allowed  to  fall,  descend  in  parallel  lines.    This 
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■ppcnnt  panUelina  of  the  direction  of  terreitrial  gim- 
h;  is  accomited  for  bf  the  enormotu  proportion  whicb 

the  inagnitude  oT  the  earth  bears  to  the  dUtance  be- 
tweeo  Use  two  plumb-Unea  or  Ihe  two  falling  Iradiea 
which  are  compired.  If  the  distance  between  the  pla- 
ces B,  D,  were  1300  feet,  tiie  inclination  of  the  Unee 
A  B  and  C  D  would  not  amount  to  a  quarter  of  a  mis- 
ate,  or  the  240th  part  of  a  degree.  But  the  diBtance, 
in  caaea  where  the  paraUeliara  is  assumed,  ja  never 
greater  than,  and  seldom  ao  great  as,  a  few  yards ;  and 
hence  the  inclination  of  the  directions  A  B  and  CD  is 
too  small  to  be  appreciated  by  any  practical  measmc. 
In  the  InveHtigatiou  of  the  phenomena  of  falliog  bodiai, 
we  shall,  therefore,  assume,  that  all  the  particles  of  Ik 
■ame  body  are  attracted  in  parallel  directions,  perpen- 
dicular to  an  horizontal  plane. 

(1J6)  Since  the  intensity  of  terreBtrzal  graviqi  in- 
creasea  as  tlie  square  of  the  distance  decreases,  it 
might  be  expected  that,  as  a  falling  body  spproacha 
the  eartli,  the  force  which  accelerates  it  should  be  con- 
tinually increasing,  and,  strictly  speaking,  it  is  eo. 
But  any  height  through  which  we  observe  falling  bodies 
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wliole  descent,  is  an  increase  of  about  one  part  in  4000 ; 
t  qaantily  practically  insignificant.  Wo  shall,  there- 
fore, in  explaining  the  laws  of  falling  bodies,  assume 
that,  in  the  entire  descent,  the  body  is  urged  by  a  force 
of  uniform  intensity. 

Although  the  force  which  attracts  all  parts  of  the 
same  body  during  its  descent  in  a  given  place  is  the 
nme,  yet  the  force  of  gravity,  at  di£ferent  parts  of  the 
earth's  surfitce,  has  diiSerent  intensities.  The  intensity 
diminiflheB  with  the  latitude,  so  that  it  is  greater  tow« 
ards  the  poles,  and  lesser  towards  the  equator.  The 
causes  of  this  variation,  its  law,  and  the  experimental 
proofii  of  it,  will  be  explained,  when  we  shall  treat  of 
centrifugal  force,  and  the  motion  of  pendulums.  It  lb 
sufficient  merely  to  advert  to  it  in  this  place. 

(117.)  Since  the  earth's  attraction  acts  separately  and 
equally  on  every  particle  of  matter,  without  regard  .to 
the  nature  or  species  of  the  body,  it  follows  that  all 
bodies,  of  whatever  kind,  or  whatever  be  their  masses, 
must  be  moved  with  the  same  velocity.  If  two  equal 
particles  of  matter  be  placed  at  a  certain  distance  above 
the  surface  of  the  earth,  they  will  fall  in  parallel  lines, 
and  with  exactly  the  same  speed,  because  the  earth  at< 
tracts  them  equally.  In  the  same  manner,  a  thousand 
particles  would  fall  with  equal  velocities.  Now,  these 
circumstances  will  in  no  wise  be  changed  if  those 
1000  particles,  instead  of  existing  separately,  be  aggre- 
gated into  two  solid  masses,  one  consisting  of  990  par- 
ticles, and  the  other  of  10.  We  shall  thus  have  a  heavy 
body  and  a  light  one,  and  according  to  our  reasoning, 
they  must  fall  to  the  earth  with  the  same  speed. 

Common  experience,  however,  is  not  always  consis- 
tent with  this  doctrine.  What  are  called  light  sub- 
stances, as  feathers,  gold-leaf,  paper,  &c.  are  observed 
to  ftll  aiowly  and  irregidarly,  while  heavier  masses^  as 

/2 
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solid  pieccB  of  meUJ,  atonea,  fy:.  fall  rapidly.  Ni;, 
there  4re  not  a  few  instances  in  which  the  earth,  iiv- 
Btaad  of  attracting  bodies,  aeema  to  repel  them,  u  in 
the  cue  of  smoke,  vapors,  balloons,  and  other  substan- 
ces which  actually  ascend.  We  are  to  consider  that 
the  mass  of  the  earth  is  not  the  only  a^ent  engaged  in 
these  phenomena.  The  earth  is  eurrounded  by  an  at- 
moaphere  composed  of  an  elastic  or  aeriform  flnid. 
Tbis  atmosphere  has  certain  properties,  whicb  will  b« 
explained  in  our  treotisc  on  PflEtiHATica,  and  which 
are  the  causes  of  the  anonialous  circumstances  allnded 
to.  Light  bodies  rise  in  the  atmosphere,  for  the  aaine 
reason  that  a  piece  of  cork  rises  from  the  bottom  of  i 
vessel  of  water ;  and  other  lig-ht  lodiea  fall  more  slow- 
ly than  heavy  ones,  for  the  same  reason  that  an  egg  in 
water  falls  to  the  bottom  more  slowly  than  a  leaden 
bullet  This  treatise  is  not  the  place  to  give  a  direct 
explanation  of  these  phenomena.  It  will  be  mfficient 
for  our  present  purpose  to  show,  that  if  there  were  no 
ntmosiJicrri,  nil  bodies,  hcniy  tmd  light,  would  fall  »t 
the  same  rale.  This  may  cnsily  be  accomplished  by 
the  aid  of  an  air-pump.  Haiing  by  that  instnmient 
abstracted  the  air  from  a  tall  glaaa  vessel.  \ 
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it  ftbni  whence  it  has  fallen.  This  force,  however, 
ia  proportional  to  the  velocity  which  it  has  at  the  mo- 
ment it  meets  the  ground,  and  therefore  this  velocity 
increases  with  the  height. 

When  the  observations  on  attraction  in  the  last 
chapter  are  well  understood,  it  will  be  evident  that  the 
velocity  which  a  body  has  acquired  in  falling  from  any 
height,  is  the  accumulated  effects  of  the  attraction  of 
terrestrial  gfravity  during  the  whole  time  of  the  fall. 
Each  instant  of  the  fall  a  new  impulse  is  given  to  the 
body,  from  which  it  receives  additional  velocity ;  and 
its  final  velocity  is  composed  of  the  aggregation  of  all 
the  small  increments  of  velocity  which  are  tlms  com- 
municated. As  we  are  at  present  to  suppose  the  in- 
tensity of  the  attraction  invariable,  it  will  follow  that 
the  velocity  communicated  to  the  body  in  each  instant 
cf  time  will  be  the  same,  and  therefore  that  the  whole 
quantity  of  velocity  produced  or  accumulated  at  the  end 
of  any  time  is  proportional  to  the  length  of  that  time. 
Thus,  if  a  certain  velocity  be  produced  in  a  body  having 
fallen  for  one  second,  twice  that  velocity  will  be  pro- 
duced when  it  has  fallen  for  two  seconds,  thrice  that 
velocity  in  three  seconds,  and  so  on.  Such  is  the  fun- 
damental principle  or  characteristic  of  uniformly  ticcd- 
eraied  moHon. 

(119.)  In  examining  the  circumstances  of  the  descent 
of  a  body,  the  time  of  the  fall  and  the  velocity  at  each 
instant  of  that  time  are  not  the  only  things  to  be  at- 
tended to.  The  spaces  through  which  it  falls  in  given 
intervals  of  time,  counted  either  from  the  commence- 
ment of  its  fall,  or  from  any  proposed  epoch  of  the 
descent,  are  equally  important  objects  of  enquiry.  To 
estimate  the  space  in  reference  to  the  time  and  the 
final  velocity,  we  must  consider  that  this  space  has 
been  moved  through  with  varying  speed.     From  a 


■Uto  of  i«t  at  thft  beginning  at  tho  fUl.  Ow  ipMi 
gndutUy  increuPi  with  the  time,  and  the  final  Tdod^r 
u  greater  still  thui  that  which  the  body  had  at  uj 
preceding  iiutaiit  during  ita  dmcent.  Wa  camob 
theretbre,  dirtedj/  appreciate  the  ipaee  mored  thmngh 
in  thif  cue  fay  the  time  and  final  velocitf .  But  at  tha 
velocity  increaaea  uniformly  with  the  time,  WB  dwH 
oblau)  the  average  speed,  by  finding  that  which  tha 
body  had  in  the  middle  of  the  interval  which  ill  nw  ill 
between  the  begimiiDg  and  end  of  the  faS,  and  thea  tte 
apace  through  which  the  body  baa  actually  falleii  iatbit 
through  which  it  would  move  in  the  same  time  with  thii 
average  velocity  uniformly  continued. 

But  lince  the  velocity  which  the  body  receivaa  ia  ai^ 
time,  counted  from  the  beginning  of  ita  descenti  i*  i> 
the  proportion  of  that  time,  it  foUowi  that  th«  nloalj 
of  the  body  aft«r  half  the  whole  time  of  descent  ia  half 
the  final  velocity.  From  whence  it  appeara,  that  thi 
lieight  from  which  a  body  Alls  in  any  propoaed  time  ■ 
equal  to  the  apace  through  which  a  body  would  man  m 
ths  same  time  with  half  the  final  vetoci^,  and  it  k 
therefore  equal  to  half  the  space  which  wotOd  be  mned 
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But  since  the  time  is  always  proportional  to  the  final 
Telocity,  they  may  be  expressed  by  equal  numbers,  and 
the  product  of  equal  numbers  is  the  square  of  either  of 
them.  Hence,  the  product  of  the  numbers  expressing 
the  time  and  final  velocity  is  equivalent  to  the  square  of 
the  nmnber  expressing  the  time,  or  to  the  square  of  the 
nomber  expressing  the  final  velocity.  Hence  we  infer, 
that  the  height  is  always  proportional  to  the  square  of 
.the  time  of  the  fall,  or  to  the  square  of  the  final  veloc- 
ity. 

(121.)  The  use.  of  a  few  mathematical  characters  will 

Tender  these  results  more  distinct,  even  to  students  not 
conversant  with  mathematical  science.  Let  S  express 
Ihe  height  from  which  the  body  falls,  V  the  final  veloci- 
ty, and  T  the  time  of  the  fall,  and  let  the  square  of  any 
of  these  quantities,  or  rather  of  their  numerical  ex- 
pressions, be  signified  by  placing  the  figure  2  over 
them ;  thus,  T*  or  V8.  The  sign  x  between  two  num- 
bers mgnifies  that  they  are  to  be  multiplied  together. 
These  being  premised,  the  results  of  the  reasoning  in 
which  we  have  been  just  engaged,  may  be  expressed  as 
follows : 

V  increases  proportionally  with  T  [1] 

S        .        .        -        -        V  T  [2] 

S        -        -        -        -  T9  [3] 

S        -        .        -        -  V9  [4] 

The  theorems  [3]  and  [4]  follow  from  [1]  and  [3] ; 
for  since  by  [1]  T  is  proportional  to  V,  it  may  be  put 
for  V  in  [2],  and  by  this  substitution  VxT  becomes 
TxT,  or  T2.  In  the  same  manner  and  for  the  same 
reason,  V  may  be  put  for  T,  by  which  VxT  becomes 
VxV,  or  V9. 

By  these  formularies,  if  the  height  through  which  a 
body  falls  freely  in  one  second  be  known,  the  height 
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throngh  which  it  will  fall  in  anj  propoied  time  msf  be 
computed.  For  since  the  height  is  proportioDa]  to  the 
square  of  the  time,  the  height  through  which  it  will  M 
in  luio  eeconils  will  be  fov.r  times  that  which  it  bill 
through  in  ont  eccond.  In  ilirtt  seconds  it  will  fill 
through  nine  timea  thut  s^pocc  ;  in_/bur  Bcconds,  nztccii 
times;  in  fivt  scronils,  furcnly^/ise  times,  and  ta  on. 
The  following,  therefore,  is  a  general  rule  to  find  llifl 
height  tliroiigh  wliii-li  a  body  will  &11  in  an;  gireo  time: 
"  Reduce  the  given  time  to  seconds,  take  the  square  of 
the  number  of  seconds  in  it,  and  multiply  the  hdght 
through  which  a  body  falls 'in  one  second  by  that  nom- 
ber ;  the  result  will  ho  the  lieight  soitght." 

The  following  tabic  exhibits  the  heights  and  corre- 
fiponding  times  as  far  as  10  seconds : 

ll^'ine~~nTa"|  3  14  15  1  fi'T'^Tg   I  9  I  Ml 
iHeight  I  1  I  4"|  !>  [  16  I  25  I  3ti  I  j')  I  04  I  61  I  100| 

Each  unit  in  the  numbers  of  the  first  row  exprene*  a 
second  of  time,  and  each  unit  in  those  of  the  second 
row  expresses  the  height  through  which  a  body  ftlls 

freely  in  a  Hecond. 
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thrae  ■<C0ttdJ>  the  remainder  5  will  be  the  space  lUlen 
through  in  the  third  second.  To  find  the  space  fallen 
through  in  the  foarth  second,  subtract  9,  the  space  fall- 
en through  in  the  first  three  seconds,  from  16,  the 
space  fiJlen  through  in  the  first  four  seconds,  and  the 
result  is  7,  and  so  on. 

It  thus  appears  that  if  the  space  fallen  through  in  the 
first  second  be  called  1,  the  spaces  described  in  the 
second,  third,  fourth,  fifth,  d^c.  seconds,  will  be  express- 
ed by  the  odd  numbers  respectively,  3,  5,  7,  9,  &c. 
This  places  in  a  striking  point  of  view  the  accelerated 
motion  of  a  falling  body,  the  spaces  moved  through  in 
each  succeeding  second  bejng  continually  increased. 

(133.)  If  velocity  be  estimated  by  the  space  through 
which  the  body  would  move  uniformly  in  one  second, 
then  the  final  velocity  of  a  body  falling  for  one  second 
will  be  2 ;  for  with  that  final  velocity  the  body  would  in 
one  second  move  through  twice  the  height  through 
which  it  has  fallen. 

(134.)  Since  the  final  velocity  increases  in  the  same 
proportion  as  the  time,  it  follows  that  after  two  seconds 
it  is  twice  its  amount  after  one,  and  after  three  seconds 
thrice  that,  and  so  on.  Thus,  the  following  table  ex- 
hibits the  final  velocities  corresponding  to  the  times  of 
descent : 


Time 

Final  velocity  |  2  |  4  |  6  |  8  |  10 


The  numbers  in  the  second  row  express  the  spaces 
through  which  a  body  with  the  final  velocity  would 
move  in  one  second,  the  unit  being,  as  usual,  the  space 
through  which  a  body  falls  freely  in  one  second. 

(135.)  Having  thus  developed  theoretically  the  laws 
which  characterize  the  descent  of  bodies,  falling  freely 
hj  thtt  force  of  gravity^  or  by  any  other  uniform  force 
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of  the  Mme  kind,  it  u  neceBuuy  that  w«  atunU  Aow 
how  theae  IswB  can  1>a  exhibited  by. actual  ezperima^ 
There  are  some  circumaUncei  attending  the  &1I  il^ 
heavy  bodies  whii:li  would  render  it  difficult,  if  not  int- 
poaaible,  to  illustrate,  by  the  direct  observatieD  of  thii 
phenomenon,  the  properties  which  have  been  es|duntd 
in  this  chapter.  A  body  falling  freely  b;  ths  foee  of 
gravity,  aa  we  shall  hereafter  prove,  deacenda  in  <n 
second  of  time  through  a  height  of  about  16  feet;  in 
two  aeconds,  it  would,  therefore,  tall  thnnigh  fbnr  tiniM 
that  ipace,  or  G4  feet ;  in  three  seconds,  throngh  9 
times  the  lieight,  or  144  feet;  and  in  four  eecondi, 
through  2SG  feet.  In  order,  therefore,  to  be  enabled  to 
obaerve  the  phenomena  for  only  four  eeconda,  we 
should  command  an  height  of  at  least  356  feeL  But 
tiirther;  the  velocity  at  the  end  of  the  firat  second 
would  be  at  the  rate  of  32  feet  per  second;  at  the. end 
of  the  second  second,  it  would  be  64  feet  per  aacood; 
and  towards  the  eud  of  the  fall  it  would  be  ahoat  13D 
Ihet  per  second.  It  is  evident  that  this  great  degree  of 
rapidity  would  be  a  serious  impediment  to  accurkta  ob- 
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height  through  which  a  body  would  fall  in  one  second, 
or  what  is  the  same,  the  proportion  of  the  force  of  grav- 
ity to  the  mitigated  but  uniform  accelerating  force  thus 
substituted  for  it 

(126.)  To  realize  this  notion,  Attwood  constructed  a 
wheel  turning  on  its  axle  with  very  littie  friction  and 
having  a  groove  on  its  edge  to  receive  a  string.  Over 
this  wheel,  and  in  the  groove,  he  placed  a  fine  silken 
cord,  to  the  ends  of  which  were  attached  equal  cylindri- 
cal weights.  Thus  placed,  the  weights  perfectly  bal- 
ance each  other,  and  no  motion  ensues.  To  one  of  the 
weights  he  then  added  a  small  quantity,  so  as  to  give  it 
a  slight  preponderance.  The  loaded  wciglit  now  began 
to  descend,  drawing  up  on  the  other  side  the  unloaded 
weight.  The  descent  of  the  loaded  weight,  under 
these  circumstances,  is  a  motion  exactly  of  the  same 
kind  as  the  descent  of  a  heav/  body  falling  freely  by 
the  force  of  gravity  ;  that  is,  it  increases  according  to 
the  same  laws,  though  at  a  very  diminished  rate.  To 
explain  this,  suppose  tliat  the  loaded  weight  descends 
from  a  state  of  rest  through  one  inch  in  a  second,  it  will 
descend  through  4  inches  in  two  seconds,  through  9  in 
three,  through  16  in  four,  and  so  on.  Thus  in  20  sec- 
onds, it  would  descend  through  400  inches,  or  33  feet 
4  inches,  a  height  which,  if  it  were  necessary,  could 
easily  be  commanded. 

It  might,  perhaps,  be  thought,  that  since  the  weights 
suspended  at  tlie  ends  of  the  thread  are  in  equilibrium, 
and  therefore  have  no  tendency  either  to  move  or  to 
resist  motion,  the  additional  weight  placed  upon  one  of 
them  ought  to  descend  as  rapidly  as  it  would  if  it  were 
allowed  to  fall  freely  and  unconnected  with  them.  It 
is  very  true  that  this  weight  will  receive  from  the  at- 
traction of  the  earth  the  same  force  when  jAaced  upon 
one  of  the  suspended  weights,  as  it  would  if  it  were 
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diMngaged  from  them  ;  but  in  the  conieqiieiices  which 
enme,  there  im  thia  difference.  If  it  were  ancoimected 
with  the  Biupended  weig-hts,  the  whole  force  imprsMed 
upon  it  would  be  expended  in  accelerating  ite  descent; 
but  being  connected  with  the  equal  weights  which  ma- 
tain  each  other  in  equilibrium,  by  the  silken  cord  piM- 
ing  over  the  wheel,  the  force  which  is  impressed  npoD 
the  Added  weight  is  expended,  not  u  before,  in  grring 
relocitf  to  the  added  weight  alone,  but  to  it  together 
with  the  two  equal  weights  appended  to  the  string,  one 
of  which  descends  with  the  added  weight,  and  the  otb- 
91  rises  on  the  apposite  side  of  the  wheel.  Hence,  set- 
ting uide  on;  effect  which  the  wheel  itself  prodneWi 
the  velocity  of  the  descent  must  be  lessened  just  io  pro- 
portion ss  the  mass  among  which  the  impressed  force  ii 
to  be  distributed  is  increased  ;  and  therefore  the  role  tS 
the  fall  bean  to  thai  of  a  bod;  falling  freel;  the  midb 
proportion  as  the  added  weight  bears  to  the  sum  of  diB 
muses  of  the  equal  suspended  weights  and  the  added 
weight.  Thus  the  smaller  the  added  weight  is,  end  tlM 
greater  the  equal  suspended  weights  are,  the  slower  wiD 
the  rate  of  descent  be. 
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already  explained  in  this  chapter  may  be  experimentally 

verified. 

(127.)  The  laws  which  govern  the  descent  of  bodies 
hy  gravity,  being  reversed,  will  be  applicable  to  the 
ascent  of  bodies  projected  upwards.  If  a  body  be 
projected  directly  upwards  with  any  given  velocity,  it 
will  rise  to  the  height  from  which  it  should  have  fallen 
to  acquire  that  velocity.  The  earth's  attraction  will,  in 
this  case,  gradually  deprive  the  body  of  tlie  velocity 
which  is  communicated  to  it  at  the  moment  at  which  it 
IB  profected.  Consequently,  the  phenomenon  will  be 
that  of  retarded  matitm.  At  each  part  of  its  ascent  it 
wiQ  have  the  same  velocity  which  it  would  have  if  it 
descended  to  thp  same  place  from  the  highest  point  to 
which  it  rises.  Hence  it  is  clear,  that  all  the  particu- 
lars relative  to  the  ascent  of  bodies  may  be  immediate- 
ly inferred  from  those  of  their  descent,  and  therefore 
this  subject  demands  no  further  notice. 

To  complete  the  investigation  of  the  phenomena  of 
fiilling  bodies,  it  would  now  only  remain  to  explain  the 
method  of  ascertaining  the  exact  height  through  which 
a  iKxIy  would  descend  in  one  second,  if  unresisted  by 
the  atmosphere,  or  any  other  disturbing  cause.  As  the 
solution  of  this  problem,  however,  requires  the  aid  of 
principles  not  yet  explained,  it  must  for  the  present  be 
postponed. 


TKi  uiMdiTi  or  iHGBAinct.     mat.  tiii. 
CHAPTER  Vm. 


(138.)  In  the  lut  chapter,  we  investigated  the  phft- 
someDB  of  bodiei  descending  freely  in  the  verticil  di- 
KCtioB,  and  detennined  the  laws  which  gorem,  not 
their  motion  alone,  but  that  of  bodiea  urged  bj  117 
unifoimly  accelerating  force  whatever.  We  ehall  umr 
conaider  some  of  the  most  ordinar;  casei  in  which  tha 
free  descent  of  bodies  is  impeded,  and  the  efiocti  of 
their  gravitation  modified. 

(las.)  If  a  body,  urged  by  any  forcea  whatem,  be 
placed  upon  a  hard  unyielding  surface,  it  will  eridendy 
remain  at  rest,  if  the  resultant  (76)  of  all  tha  tiacM 
which,  are  applied  to  it  be  directed  perpeDdieiilaily 
against  the  eurface.  In  this  case,  the  efifaet  produced 
is  preasure,  but  no  motion  ensues.  If  only  one  fbrca 
act  upon  the  body,  it  will  remain  at  rest,  provided  thi 
dbection  of  that  force  be  perpendicular  t 
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tbat  this  force  can  only  press  the  particle  P  against 
AB,  but  cannot  give  it  any  motion. 

But  let  us  suppose,  that  the  force  which  urges  P  is  in 
8  direction  P  F,  oblique  to  A  B.  Taking  P  F  as  the 
.diagonal  of  a  parallelogram,  whose  sides  are  P  D  and 
P  C  (74)  the  force  P  F  is  mechanically  equivalent  to 
two  forces,  expressed  by  the  lines  P  D  and  P  C.  But 
PD  being  perpendicular  to  AB,  produces  pressure 
without  motion,  and  P  C  being  in  the  direction  of  A  B, 
produces  motion  without  pressure.  Thus  the  effect  of 
the  force  P  F  is  distributed  between  motion  and  pres- 
sure in  a  certain  proportion,  which  depends  on  the  ob- 
liquity of  its  direction  to  that  of  the  surface.  The  two 
extreme  cases  are,  1.  When  it  is  in  the  direction  of  the 
surface ;  it  then  produces  motion  without  pressure : 
and,  2.  When  it  is  perpendicular  to  the  surface ;  it  then 
produces  pressure  without  motion.  In  all  intermediate 
directions,  however,  it  will  produce  both  these  cflfects. 

(IdO.)  It  will  be  very  apparent,  that  the  more  oblique 
the  direction  of  the  force  P  F  is  to  A  B,  the  greater 
will  be  that  part  of  it  which  produces  motion,  and  the 
less  will  that  be  which  produces  pressure.     This  will 
be  evident  by  inspecting /g.  26.    In  this  figure  the  line 
P  F,  jebich  represents  the  force,  is  equal  to  P  F  in  Jig. 
25.     But  P  D,  which  expresses  the  pressure,  is  less  in 
j^.  26.  than  in  Jig,  25.,  while  P  C,  which  expresses  the 
motion,  is  greater.     So  long,  then,  as  the  obliquity  of 
the  directions  of  the  surface  and  the  force  remain  un- 
chaiiged,  so  long  will  the  distribution  of  the  force  be- 
tween motion  and  pressure  remain  the  same  ;  and  there- 
fore, if  the  force  itself  remain  the  same,  the  parts  of  it 
ivhich  produce  motion  and  pressure  will  be  respectively 
equal. 

(131.)  These  general  principles  being  understood,  no 
difficulty  can  arise  in  applying  them  to  the  motion  of 
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bodies  urged  on  inclinsd  plftnea  ot  curvet  bj  the  fine 
of  gravity.  If  a  body  be  placed  on  an  unjieldin^  hoii 
z^ntal  plane,  it  will  remain  at  rest,  producing  a  praH 
ure  on  the  plane  equal  to  the  total  amount  of  ito  wei|fh1 
For  in  this  case  the  force  which  urges  the  body,  beinj 
that  of  terrestriaJ  gravity,  its  direction  is  rertical,  an 
therefore  perpendicular^  the  hoiiiontal  jdane. 

But  if  the  body  P,  Jig.  35.,  be  placed  upon  &plalli 
A  B,  oblique  to  IJia  direction  of  the  force  of  grwnlcj 
then,  according  to  what  has  been  proved  (199),  tlii 
weight  of  the  body  will  be  distributed  into  two  puHa 
P  C  and  P  D ;  one,  P  D,  producing  a  pressure  on  Ibf 
plane  AB,  and  the  other,  P  C,  producing  motion  don 
the  plane.  Since  the  obliquity  of  the  perpendictdu 
direction  PF  of  the  weight  to  that  of  the  plane  A I 
must  be  the  same  on  whatever  part  of  the  plane  th( 
weight  may  be  placed,  it  foUowa  {I'M),  that  the  propor 
tion  P  C  of  the  weig-ht  which  urgea  the  body  down  Ibg 
plane,  must  be  the  same  throughout  its  whole  deacenL 

(133.)  Hence  it  may  easily  be  inferred,  that  the  fonc 
down  the  plane  is  uniform ;  for  since  the  weight  of  thi 
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a  body  would  fall  vertically  is  known,  the  apace  through 
which  it  would  descend  in  the  same  time  down  any 
giyen  inclined  plane  may  be  immediately  determined. 
For  let  A  B,  Jig,  25.,  be  the  given  inclined  pl&ne,  and 
let  P  F  be  the  space  through  which  the  body  would  fall 
in  one  second.  From  F  draw  F  C  perpendicular  to  the 
plane,  and  the  space  PC  is  that  through  which  the 
body  P  will  fall  in  one  second  on  the  plane. 

(133.)  As  the  angle  BAH,  which  measures  the  ele- 
vation of  the  plane,  is  increased,  the  obliquity  of  the 
verticfd  direction  P  F  with  the  plane  is  also  increased. 
Consequently,  according  to  what  has  been  proved  (130), 
it  follows,  that  as  the  elevation  of  the  plane  is  increased, 
the  force  which  urges  the  body  down  the  plane  is  also 
increased,  and  as  the  elevation  is  diminished,  the  force 
woSexs  a  corresponding  diminution.  The  two  extreme 
cases  are,  1.  When  the  plane  is  raised  until  it  becomes 
perpendicular,  in  which  case  the  weight  is  permitted  to 
fidl  freely,  without  exerting  any  pressure  upon  the 
plane;  and,  2.  When  the  plane  is  depressed  until  it 
becomes  horizontal,  in  which  case  the  whole  weight  is 
supported,  and  there  is  no  motion. 

From  these  circumstances  it  follows,  that  by  means 
of  an  inclined  plane  we  can  obtain  an  uniformly-ac- 
celerating force  of  any  magnitude  less  than  that  of 
gravity. 

We  have  here  omitted,  and  shall  for  the  present  in 
every  instance  omit,  the  effects  of  JHcHon,  by  which 
the  motion  down  the  plane  is  retarded.  Having  first 
investigated  the  mechanical  properties  of  bodies  sup- 
posed to  be  free  from  friction,  wo  shall  consider  friction 
separately,  and  show  how  the  present  results  are  modi- 
fied by  it. 

(134.)  The  accelerating  forces  on  different  inclined 
planes  may  be  compared  by  the  principle  explained  in 
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(131).  Let  >Sp.  35.  and  26.  be  two  inclined  planea,  and 
take  the  lines  P  F  in  each  figure  equal,  both  expreseii^ 
the  force  of  gravity,  then  P  C  will  be  the  force  which  in 
each  case  urges  the  bodj  down  the  plane- 
As  the  force  down  an  inclined  plane  ia  less  than  that 
which  urges  a.  body  falling  freely  in  the  vertical  direct 
tion,  the  apace  through  which  the  body  must  fall  to  at- 
tain a  certain  final  velocity  must  be  just  so  much  great' 
er  as  the  accelerating  force  is  leas.  On  this  principle 
we  shall  be  able  to  detennine  the  final  velocity  in 
descending  through  any  space  on  a  plane,  compaiad 
with  the  final  velocity  attained  in  falling  freely  in  the 
vertical  direction.  Suppose  the  body  P,  /Ig.  37.,  placed 
at  the  top  of  the  plane,  and  from  H  draw  the  perpendic- 
ular HC.  If  BH  represent  the  force  of  gravity,  BC 
will  repreaent  the  force  down  the  plane  (1!)!].  In  order 
that  the  body  moving  down  the  plane  shall  have  a  final 
velocity  equal  to  that  of  one  which  has  fallen  freefy 
trom  B  to  H,  it  will  be  necessary  that  it  should  tno*e 
from  B  down  the  plane,  through  a  space  which  beuB 
the  same  proportion  to  BH   asBH  does  to  BC,     But 
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pnity  in  the  direction  of  the  plane  k  uniform ;  and, 
consequently,  the  i^enomena  obey  all  the  established 
Imrs  of  uniformly-accelerated  motion.  If,  however,  we 
sappose  the  line  B  A,  on  which  the  body  P  descends,  to 
be  curved  as  in  Jig.  28.,  the  obliquity  of  its  direction 
at  different  parts,  to  the  direction  P  F  of  gravity,  will 
evidently  vary.  In  the  present  instance,  this  obliquity 
is  greater  towards  B  and  less  towards  A,  and  hence 
the  part  of  the  force  of  gravity  which  gives  motion  to 
the  body  is  greater  towards  B  than  towards  A  (190). 
The  force,  therefore,  which  urges  the  body,  instead  of 
being  uniform  as  in  the  inclined  plane,  is  here  gradually 
diminished.  The  rate  of  this  diminution  depends  en- 
tirely on  the  nature  of  the  curve,  and  can  be  deduced 
fr(»n  the  properties  of  the  curve  by  mathematical  rea- 
soning. The  details  of  such  an  investigation  are  not, 
however^  of  a  sufficientiy  elementary  character  to  allow 
of  being  introduced  with  advantage  into  this  treatise. 
We  must  therefore  limit  ourselves  to  explain  such  of 
the  results  as  may  be  necessary  for  the  developement 
of  the  other  parts  of  the  science. 

(136.)  When  a  heavy  body  is  moved  down  an  inclined 
plane  by  the  force  of  gravity,  Uie  plane  has  been 
proved  to  sustain  a  pressure,  arising  from  a  certain 
part  of  the  weight  P  D,Jig.  25.,  which  acts  perpendicu- 
larly to  the  plane.  This  is  also  the  case  in  moving 
down  a  curve  sucli  as  B  A,  Jig.  28.  In  this  case,  also 
the  whole  weight  is  distributed  between  that  part 
which  is  directed  down  the  curve,  and  that  which,  be- 
ing perpendicular  to  the  curve,  produces  a  pressure 
upon  it  There  is,  however,  another  cause  which  pro*- 
duces  pressure  upon  the  curve,  and  which  has  no  operaf 
tion  in  the  case  of  the  inclined  plane.  By  the  property 
of  inertia,  when  a  body  is  put  in  motion  in  any  direo^ 
tion,  it  must  persevere  in  that  direction,  unless  it  be 
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deflected  firom  it  hj  an  efficient  force.  In  the  metiaE 
down  aa  inclined  plane  the  direction  is  never  changed, 
and  therefore  bj  its  inertia  the  failing  body  Tetuni  all 
the  motion  impressed  upon  it  continually  in  the  Mme 
direction ;  but  when  it  di^scends  upon  a  curve,  ita  direcs 
tion  is  constantly  varying,  and  the  resiatance  of  the 
curve  being  the  deflecting  cause,  the  curve  must  ma- 
tain  a  pressure  equal  to  that  force  wl)ich  would  thu  be 
citable  of  continuallj  deflecting  the  body  fhMn  the 
rectilineal  path  in  which  it  would  move  in  firtue  of  iti 
inertia.  This  pressure  entirely  depends  on  tiie  cuni- 
ture  of  the  path  in  which  the  body  is  constrained  to 
move,  and  on  its  inertia,  and  is  therefore  altogether 
independent  of  the  weight,  and  would  in  fact,  eiiat  il 
the  weight  were  without  eSbct. 

(137.)  This  pressure  has  been  denominated  eeidr)fit- 
gaiybrct,  because  it  evinces  a  tendency  of  the  moving 
body  to^  from  the  centre  of  the  curve  in  which  it  ii 
moved.  Its  quantity  depends  conjointly  on  the  veloci^ 
of  the  motion  and  the  curvature  of  the  path  through 
which  the  body  is  moved.     As  circles  may  be  d 
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tkn  of  the  ndiui  C  D  to  the  radin  A  BL  The  ndin 
of  the  circle  of  curYatore  for  any  put  of  a  curve  ■ 
called  **  the  radios  of  curyature  "  of  that  part. 

.(138.)  The  centrifugal  pieasare  increases  as  the  r»- 
dina  of  cnrffetnre  increases ;  bat  it  also  has  a  depen- 
dence on  the  velocity  with  which  the  moving  body 
swings  round  the  centre  of  the  circle  of  cnrvatore. 
This  velocity  is  estiniated  either  by  the  actnal  space 
throogh  which  the  body  mores^  or  by  the  aaynUar  vdoC' 
K^  of  a  line  drawn  from  the  centre  of  the  circle  to  the 
moving  body.  That  body  carries  one  end  of  this  line 
with  it,  whfle  the  other  remains  fiaed  at  the  centre. 
As  this  aingular  swing  roond  the  centre  increases,  the 
centrifiigal  pressure  increases.  To  estimate  the  rate  at 
which  this  pressure  in  general  varies,  it  is  necessary  to 
multiply  the  square  of  the  number  expressing  the  angu- 
lar velocity  by  that  which  expresses  the  radius  of  curv- 
ature, and  the  force  increases  in  the  same  proportion  as 
the  product  thus  obtained. 

(139.)  We    have    observed    that    the    same   rauaes 
which  produce  pressure  on  a  body  restrained,  Mriil  pro- 
duce motion  if  the  boJy  be  free.     Accordinjiy.  if  a 
body  be  moved  by  any  efficient  cause  in  a  cune,  it  will, 
by  reason  of  the  centrifugal  force,  fly  off,  and  the  mov- 
ing force  with  which  it  will  thus  retreat  from  the  centre 
round  which  it  is  whirled  will  be  a  measure  of  the  cen- 
trifugal force.     Upon  this  principle  an  apparatus  called 
a  vikirling  iabU  has  been  constructed,  for  the  purpose 
of  exhibiting  experimental  illustrations  of  the  laws  of 
centrifugal  force.     By  this  machine  we  are  enabled  to 
place  any  proposed  weights  at  any  given  distances  from 
centres  round  which  they  are  whirled,  either  with  the 
same  angular  velocity,  or  with  velocities  having  a  cer- 
tain proportion.     Threads   attached  to  the    whirling 
weights  are  carried  to  the  centres  round  which  they 
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tespectiTely  rerolve,  and  there,  paaang  orar  'poQtji, 
■re  coimected  witb  weights  vhich  ma.7  be  vuied  tt 
pleasure.  WLen  the  whirling  weights  fljr  from  their 
Kspective  centres,  bjr  reason  of  the  centrifugal  force, 
they  draw  up  the  weights  attached  to  the  oth«T  endi  of 
the  threada,  and  the  amount  of  the  centrifrigal  focce  ii 
estimated  bj  the  weight  which  it  is  capable  of  rainng. 

With  this  iDstrument  the  following  experimeata  nmj 
be  exhibited  •.^' 

Exp.  1.  Equal  weights  whirled  with  the  same  velo- 
city at  equal  distances  from  the  centre  raise  the  nnw 
weight,  and  therefore  have  the  same  centrifb^  feme. 

Exp.  2.  Equal  weights  whirled  with  the  amsM  angnlar 
Telocitj  at  distances  from  the  centre  in  the  proportka 
of  one  to  two,  will  rsjae  weights  in  the  aame  propor- 
tion. Therefore  the  centrifugal  forces  are  in  that 
pw^rtion. 

B^  3.  Equal  weights  whirled  at  equal  distaUNW 
with  angular  velocities,  which  are  as  one  to  two,  wil 
ruse  weights  as  one  to  four,  that  is,  as  the  ifqnarAa  of 
the  angular  velocities.     Therefore  the  t 
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Exp.  5.  If  weights,  which  are  as  one  to  two,  be 
whirled  at  equal  distax^ces  with  the  same  velocity,  thej 
win  raise  weights  which  are  as  one  to  two. 

(140.)  Tly  consideration  of  centrifugal  force  proves, 
that  if  a  bo^  be  observed  to  move  in  a  curvilinear  path, 
some  efficient  cause  must  exist  which  prevents  it  from 
Hying  off,  and  which  compels  it  to  revolve  round  the 
centre.  If  the  body  be  connected  with  the  centre  by  a 
thread,  cord,  or  rod,  then  the  effect  of  the  centrifugal 
force  is  to  give  tension  to  the  thread,  cord,  or  rod.  If 
an  unyielding  curved  surface  be  placed  on  the  convex 
side  of  the  path,  then  the  force  will  produce  pressure 
on  this  surface.  But  if  a  body  is  observed  to  move  in 
a  curve  without  any  visible  material  connection  with  its 
centre,  and  without  any  obstruction  on  the  convex  side 
cf  its  path  to  resist  its  retreat,  as  is  the  case  with  the 
motkniB  of  the  planets  round  the  sun,  and  the  satellites 
TCKBoA  the  planets,  it  is  usual  to  assign  the  cause  to  the 
attraction  of  tho  body  which  occupies  the  centre :  in 
the  present  instance  the  sun  is  that  body,  and  it  is  cus- 
tomary to  Bay  that  tho  aHracHon  of  the  sun,  neutralizing 
the  effiBCts  of  the  centrifugal  force  of  the  planets, 
retains  Uiem  in  their  orbits.  We  have  elsewhere  ani- 
inadverted  on  the  inaccurate  and  unphilospphical  style 
of  this  phraseology,  in  which  terms  are  admitted  which 
intimate  not  only  an  unknown  cause,  but  assign  its  seat, 
and  intimate  something  of  its  nature.  All  that  we  are 
entitled  to  declare  in  this  case  is,  that  a  motion  is  con* 
iinually  impressed  upon  the  planet ;  that  this  motion  is 
directed  towards  the  sun;' that  it  counteracts  the  cen- 
trifugal force ;  but  from  whence  this  motion  proceeds, 
whether  it  be  a  virtue  resident  in  the  sun,  or  a  proper- 
ty of  the  medium  or  space  in  which  both  sun  and  plan- 
ets are  placed,  or  whatever  other  influence  may  be  ita 
proximate  cause,  we  are  altogether  ignorant. 

?3 
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(141.)  Nnraeroiu  exunpUa  of  the  e^cta  of  taltala^ 
gal  fbice  BULj  be  produced. 

If  a  etone  ot  other  weight  be  pUced  in  a  sling,  whkk 
ia  nhirled  round  by  the  hand  in  a  direction  petpendin- 
lar  to  the  ground,  the  atone  will  not  fsJl  out  of  the  aling, 
even  when  it  is  at  the  top  of  its  circuit,  and,  coom- 
quently,  has  no  Buj)port  beneath  it.  The  ceutiifii|il 
fott;e,  in  this  case,  acting  from  the  hand,  which  ia  thv 
■centre  of  rotatiuiA,  is  grealei  than  the  weight  of  till 
body,  and  Iheretbre  prevents  its  falL 

In  like  manner,  a  glass  of  water  may  be  whirled  sg 
.rapidly  that  even  when  the  mouth  of  the  glass  ia  pre- 
sented downwards,  the  water  will  atill  be  letsiued  in  it 
by  the  centrifugal  force. 

If  a  bucket  of  water  be  suspended  by  a  number  of 
threads,  and  these  threads  be  twisted  b;  turning  roond 
the  bucket  many  times  in  the  same  direction,  on  allow- 
ing the  cords  to  untwbt,  the  bucket  will  he  whirled  np-   . 
idly  round  and  the  wntci  will  brt  cihservHd  Ui  riae  on  iU   ^ 
sides  and  sink  at  its  centre,  owing  to  the  centrifugil  i 
force  with  whioh   it  is  liriven   from  thii  centre.    TMi  ] 
effect  m 
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trifiig«l  fbree,  shall  be  in  the  direction  C  A,  and  shall 
therefore  produce  the  pressure  of  the  feet  upon  the 
ground. 

As  the  velocity  is  increased,  thfr  centrifugfal  force  is 
also  increased,  and  therefore  a  greater  inclination  of 
the  bodj  is  necessary  to  resiit  it  We  accordingly 
find  that  the  more  rapidly  a  comer  is  turned,  the  more 
the  animal  inclines  his  body  towards  it 

A  carriage,  however,  not  having  voluntary  motion, 
cannot  make  this  compensation  for  the  disturbing  force 
vhich  is  called  into  existence  by  the  gradual  change  of 
direction  of  the  motion;  consequently  it  will,  under 
certain  circumstances,  be  overturned,  falling  of  course 
outwards  or  from  the  comer.  If  A  B  be  the  carriage, 
mnd  Ofjig"  31m  the  place  at  which  the  weight  is  princi- 
pally collected,  this  point  C  will  be  under  the  influence 
of  two  forces:  the  weight,  which  may  be  represented 
by  the  perpendicular  CD,  and  the  centrifugal  force, 
which  will  be  represented  by  a  line  C  F,  which  shall 
have  the  same  proportion  to  CD  as  the  centrifugal 
force  has  to  the  weight  Now  the  combined  effect  of 
these  two  forces  will  be  the  same  as  the  effect  of  a  sin- 
gle force,  represented  by  C  G.  Thus  the  pressure  of 
the  carriage  on  the  road  is  brought  nearer  to  the  outer 
wheel  B.  If  the  centrifugal  force  bear  the  same  pro- 
portion to  the  weight  as  C  F  (or  D  B),yZg.  32.,  bears  to 
G^D,  the  whole  pressure  is  thrown  upon  the  wheel  B. 

If  the  centrifugal  force  bear  to  the  weight  a  greater 
proportion  than  DB  has  to  CD,  then  the  line  CF, 
which  represents  it,  Jig.  33.,  will  be  greater  than  D  B. 
The  diagonal  CG,  which  represents  the  combined 
effects  of  the  weight  and  centrifugal  force,  will  in  this 
case  pass  outside  the  wheel  B,  and  therefore  this  result- 
ant will  be  unresisted.  To  perceive  how  far  it  will 
tend  to  Qfrerturn  the  carriage,  let  the  force  C  6  be  re- 
^4 
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Bdved  into  two,  one  in  the  direetdon  of  C  B,  nnd  the 
other  C  E,  peipendicular  UiCB.  The  fonUer  G  B  vill 
be  resisted  by  the  roftd,  but  the  ktter  C  E  will  tand  to 
lift  the  carriage  ova?  the  externBl  wheel.  If  the  ydo- 
tity  Mid  the  cumtore  of  the  course  be  continued  tot  a 
sufficient  time  to  enaUe  this  fbrce  C  E  to  elevate  the 
weight,  so  that  the  line  of  direction  ahall  &11  on  B,  the 
carriage  will  be  overthrown. 

It  ia  evident  from  what  has  been  now  stated,  that  the 
chances  of  overthrow  under  these  circumstancea  do- 
fend  on  the  proportion  of  B  D  to  C  D,  or  what  is  to  the 
oanie  purpose,  of  the  distance  between  the  wheels  to 
the  height  of  the  principal  seat  of  the  load.  It  will  be 
shown  in  the  next  chapter,  that  there  ie  a.  certtun  potn^ 

called  the  contro  of  gravity,  at  which  the  entire  weight 

of  the  vehicle  and  its  load  may  be  conceived  to  be  con- 
centtated.  Thia  is  the  point  which  in  the  present  in- 
vestigation we  have  marked  C.  The  security  of  the 
carriage,  therefore,  depends  on  the  greatness  of  tlie 
distance  between  the  wheels  and  the  smallness  of  the 
elevation  of  the  centre  of  gravity  above  the  road  ;  fot 
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nodim  |firom  the  centre  of  the  cmYe,  wOl  caose  it  to 
^uit  the  curve  at  a  certain  point  C,  which  can  be  easily 
band  by  mathematical  computatioiL 

(145.)  The  most  remarkable  and  important  manifes- 
tation of  centrifugal  force  is  observed  in  the  effects 
produced  by  the  rotation  of  the  earth  upon  its  axis. 
Let  the  circle  in^.  35.  represent  a  section  of  the 
earth,  A  B  being  the  axis  on  which  it  revolves.  This 
rotation  causes  the  matter  which  composes  the  mass  of 
the  earth  to  revolve  in  circles  round  the  different  points 
of  the  axis  as  centres  at  the  various  distances  at  which 
the  component  parts  of  this  mass  are  placed.  As  they 
all  revolve  with  the  same  angular  velocity,  they  will 
be  affected  by  centrifugal  forces,  which  will  be  greater 
or  lea*  in  proportion  as  their  distances  from  the  centre 
ure  greater  or  less.  Consequently  the  parts  of  the 
earth  which  are  situated  about  the  equator,  D,  will  be 
more  strongly  affected  by  centrifugal  force  than  those 
about  the  poles,  A  B.  The  effect  of  this  difference  has 
been  that  the  component  matter  about  the  equator  has 
actually  been  driven  farther  from  the  centre  than  that 
about  the  poles,  so  that  the  figure  of  the  earth  has 
swelled  out  at  the  sides,  and  appears  proportionally 
depressed  at  the  top  and  bottom,  resembling  the  shape 
pf  an  orange.  An  exaggerated  representation  of  this 
figure  is  given  in  Jig,  36. ;  the  real  difference  between 
the  distances  of  the  poles  and  equator  from  the  centre 
being  too  small  to  be  perceptible  in  a  diagram.  The 
exact  proportion  of  C  A  to  C  D  has  never  yet  been  cer- 
tainly ascertained.  Some  observations  make  C  D  ex- 
ceed C  Aby  ^1^,  and  others  by  only  ^^j.  The  latter, 
however,  seems  the  more  probable.  It  may  be  consid* 
ered  to  be  included  between  these  limits. 

The  same  cause  operates  more  powerfully  in  other 
planets  which  revolve  more  rapidly  on  their  axes.    Ju- 
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piter  and  Sntuni  have  fornw  wbich  a.n   omudenb^ 
more  ellipticiJ. 

(140.)  Tlip  ccntriffagsl  force  of  the  euth'g  rotatiMi 
alto  aS^cts  detached  bodies  on  its  surface.  If  nch 
bodies  were  not  held  upon  the  surface  by  the  eaith'i 
attraction,  they  would  be  immediately  flung  offby  the 
whirling  motion  in  whicli  they  participate.  The  cen- 
trifugal force,  however,  really  diminishes  the  efifacia  of 
the  earth's  attraction  on  those  bodies,  or,  what  is  the 
same,  diminishes  tlieir  weights.  If  the  earth  were  not 
revolving  on  its  axis,  the  weight  of  bodies  in  all  fdacas 
equally  distant  ftoni  the  centre  wonld  he  the  same  ;  but 
this  is  not  so  when  the  bodies,  as  th*y  do,  move  round 
with  the  carlJi.  They  Bcquire  from  the  centrifiigil 
force  a  tendency  to  fly  from  the  axis,  which  increasps 
with  their  distance  trom  that  axis,  and  is  theTefoie 
greater  the  nearer  they  are  to  the  equator,  and  less  u  i 
they  approach  the  pole.  But  there  is  another  reaBon  I 
why  the  centrifugal  force  is  morp  efficient  in  the  opp»- 
sition  wliich  it  p;ives  to  grnvity  near  the  equator  thin  | 
,1  the  poles.     This  force  doPB   not  act  from  the  ci 
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MUm  ueeonnonly  w«i^ied  bf  *^^****iBf 
•gsiiuit  other  bodiM  of  Jkiiownweigiit,jtinajbe 
htm  the  pfaenomeiia  we  hvve  been  jiut  describ- 
beajwertunedaaamatterofftct?  fiirwhatever 
W^'ttis  bodjegeinst  which  itmaj  be  balai^ced,  that 
hoiifimmt  enifer  jnit  ts  mdoh  dmiiniitioii  of  weight  m 
mttj  oflwr,  and  ccMueqaently,  all  being  diminithed  in 
-A»  mmB  propoftion,  the  bidaiiee  will  be  pieeefted 
w^hte  be  changvd. 

tiue  effect  obaerveble,  it  will  be  necevuy 
the  eflbcte  of  gravity  with  some  phenome- ' 
MB  which  m  aot  affected  by  the  cezitriibgal  fixrce  tii 
ikm  earthVi  rotation^  and  which  will  be  the  Mune  at 
^amf  part  of  the  earth.  The  means  of  acccmii^ahing 
IhAivilLbeezjdained  in  a  tab8e<}nent  chi^r. 


CHAPTER  IX. 


THE  CENTRE  OP  GEAVITT. 


(147.)  Bt  the  earth's  attraction,  all  the  particlefl 
which  compose  the  mass  of  a  body  are  solicited  by 
equal  forces  in  parallel  directions  downwards.  If  these 
coB^enent  particles  were  placed  in  mere  juxtaposition^ 
without  any  mechanical  conDection,  the  force  impressed 
on  any  one  of  them  could  in  nowise  affect  the  othem, 
aad^iie  mass  would,  in  such  a  case,  be  contemplated  as 
an  aggregation  of  small  particles  of  matter,  each  nrged 
hf  an  independent  force.  But  the  bodies  which  are  the 
■dhjects  of  investigation  in  mechanical  science  are  not 
fiMUid  in  this  state.  Solid  bodies  are  coherent  masses, 
tfa9  particles  of  which  are  firmly  bound  together,  so  that 


isa 

utjr  fbKe  which  kffects  one,  being  modified  accoidiiig 
to  cilcumstuiCM,  wi]l  be  tranainitted  through  the  vhola 
body.  Li(|uida  accommodate  tlieiaaelves  to  the  shgpe 
of  the  surfsces  on  which  lliey  rest,  and  forces  affecliiig 
an;  oDe  part  are  transmitted  to  olhere,  in  a  manner 
depending  on  the  pecuUar  properties  of  this  clu>  oT 
bodies. 

Aa  aJl  bodies,  wliicb  are  aubjectfi  of  mecbanica]  an- 
quiiy,  on  the  Biirfsce  of  the  earth,  muat  be  coctinuillj 
influenced  by  lerreaCriaJ  gravity,  it  is  deairahle  to  obtain 
ionie  easy  uid  auDunary  method  of  estimating'  the  eSM 
of  this  force.  To  conaider  it,  as  is  iinBt-oidable  in  the 
first  instance,  the  combined  action  of  an  infinite  number 
of  equeJ  and  parallel  forces  soliciting  the  elemental; 
molecules  downwards,  would  be  attended  with  tnanifeK 
inconvenience.  An  infinite  number  of  forces,  and  u 
infinite  subdivision  of  the  mass,  would  fonn  puts  of 
every  mechanical  problem. 

To  overcome  this  difficulty,  and  to  obt&in  all  the  eaie 
and  simplicity  which  can  be  desired  in  elementaiy  in- 
vestigalionB,  it  is  only  necessary  to  ilclennine  some 
force,  whose  single  effect  shall  be  equivalent  to  the 
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edtoit;  1.  It  miust  be  presented  downwards,  in  the 
ecanmon  direction  of  those  forces  to  which  it  is  me- 
cfauiically  equivalent ;  and,  3.  it  must  be  equal  in 
inteiisity  to  their  sum,  or,  what  is  the  same,  to  the  force 
with  which  the  whole  mass  would  descend.  We  shall 
then  snj^KMe  it  to  have  this  intensity,  and  to  have  the 
direction  of  the  arrow  D  E.  Now,  if  the  single  force, 
in  the  direction  D  £;  be  equivalent  to  all  the  separate 
ittnctioiui  which  affect  the  particles,  we  may  suppoM 
all  these  attractions  removed,  and  the  body  A  B  influ- 
enced only  by  a  single  attraction,  acting  in  the  direction 
D  £.  This  being  admitted,  it  follows  that  if  the  body 
be  placed  upon  a  prop,  immediately  under  the  direction 
of  the  line  D  E,  or  be  suspended  from  a  fixed  point 
immediately  above  its  direction,  it  will  remain  motion- 
lees.  For  the  whole  attracting  force  in  tiie  direction 
D£  willy  in  the  one  case,  press  the  body  on  the  prop, 
and,  in  the  other  case,  will  give  tension  to  the  cord, 
rod,  or  whatever  other  means  of  suspension  be  used. 

(149.)  But  suppose  the  body  were  suspended  from 
some  point  P,  not  in  the  direction  of  the  line  DE. 
Let  FC  be  the  direction  of  the  thread  by  which  the 
body  is  suspended.  Its  whole  weight,  according  to  the 
snpposition  which  we  have  adopted,  must  then  act  in  the 
direction  C  E.  Taking  C  F  to  represent  the  weight ;  it 
may  be  considered  as  mechanically  equivalent  to  two 
forces  (74),  C  I  and  C II.  Of  these  C  H,  acting  direct- 
ly from  the  point  P,  merely  produces  pressure  upon  it, 
and  gives  tension  to  the  cord  P  C ;  but  C  I,  acting  at 
right  angles  to  C  P,  produces  motion  round  P  as  a  cen- 
tre, and  in  the  direction  C  I,  towards  a  vertical  line  P  G, 
drawn  through  the  point  P.  If  the  body  AB  had  been 
on  the  other  side  of  the  line  P  G,  it  would  have  moved 
in  like  manner  towards  it,  and  therefore  in  the  direc* 
tion  contrary  to  its  present  motion. 
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He&ce  we  must  infer,  that  when  the  body  ia  impend- 
ed from  a  fixed  'point,  it  cannot  remain  at  roil,  if  that 
fixed  point  be  not  pUced  in  the  direction  of  the  lioe 
D  E ;  and,  on  the  other  hand,  that  if  the  fixed  pcttut  be 
in  the  direction  of  that  line,  it  cannot  move.  A  practi- 
cal test  is  thus  Buggeated,  by  which  the  line  DE 
may  be  at  once  discovered.  Let  a  thread  be  attached 
to  any  point  of  the  body,  and  let  it  be  suspended  by  Uiii 
thread  from  a  hook  or  other  fixed  point.  The  direction 
of  the  thread,  when  the  body  becomes  quiescent,  will 
be  that  of  a  aingle  force  equivalent  to  the  gravitation 
of  all  the  component  parts  of  the  mass. 

(ISO.)  An  enquiry  is  here  suggested :  Does  the  direc- 
tion of  (he  equivalent  force  thus  determuied  depend  on 
the  position  of  the  body  with  respect  to  the  surface  of 
the  earth,  and  how  is  the  direction  of  the  equirdent 
force  affected  by  a  change  in  that  position  ?  This  que*- 
tion  may  be  at  once  solved  if  the  body  be  suspended  bj 
different  points,  and  the  directions  which  the  suspend- 
ing thread  takes  in  each  case  relatively  to  the  Bgan 
and  dimensions  of  the  body  oxarained. 
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This  angular  fact  teaches  us,  what  indeed  can  be 
proved  by  mathematical  reasoning  without  experiment, 
that  there  is  one  point  in  every  body  through  which  the 
single  force,  which  is  equivalent  to  the  gravitation  of  all 
its  particles,  must  pass  in  whatever  position  the  body 
be  placed.     This  point  is  called  the  centre  of  gravity. 

(151.)  In  whatever  situation  a  body  may  be  placed, 
the  centre  of  gravity  will  have  a  tendency  to  descend 
in  the  direction  of  a  line  perpendicular  to  the  horizon, 
and  which  is  called  the  line  of  direction  of  the  weight. 
If  the  body  be  altogether  free  and  unrestricted  by  any 
resistance  or  impediment,  the  centre  of  gravity  will 
actually  descend  in  this  direction,  and  all  the  other 
points  of  the  body  will  move  with  the  same  velocity  in 
parallel  directions,  so  that  during  its  fall  the  position  of 
the  parts  of  the  body,  with  respect  to  the  ground,  will 
be  unaltered.  But  if  the  body,  as  is  most  usual,  be  sub- 
ject to  some  resistance  or  restraint,  it  will  either  remain 
unmoved,  its  weight  being  expended  in  exciting  pres- 
sure on  the  restraining  points  or  surfaces,  or  it  will 
move  in  a  direction  and  with  a  velocity  depending  on 
the  circumstances  which  restrain  it. 

In  order  to  determine  these  effects,  to  predict  the 
pressure  produced  by  the  weight  if  the  body  be  quies- 
cent, or  the  mixed  effects  of  motion  and  pressure,  if  it 
be  not  so,  it  is  necessary  in  all  cases  to  be  able  to  assign 
the  place  of  the  centre  of  gravity.  When  the  magni- 
tude and  figure  of  the  body,  and  the  density  of  the 
matter  which  occupies  its  dimensions,  are  known,  the 
place  of  the  centre  of  gravity  can  be  determined  with 
the  greatest  precision  by  mathematical  calculation. 
The  process  by  which  this  is  accomplished,  however  is 
not  of  a  sufficiently  elementary  nature  to  be  properly 
introduced  into  this  treatise.  To  render  it  intelligible 
would  require  the  aid  of  some  of  the  most  advanced 
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uialytical  principleB ;  uid  eren  to  express  the  pontion  i 
of  the  pomt  in  question,  except  m  very  puticulu  inMan-  t 
ces,  would  be  impossible,  without  the  aid  of  pecnliu  j) 

symbolB. 
(152.)  There  are   certain  pudcular  forms  of  bodf 

in  which,  when  they  are  uniformly  dense,  the  place  of 
the  centre  of  gravity  can  be  easily  oasigTied,  and 
proved  by  teasoning,  which  is  generally  intelligible ; 
but  in  alt  cases  whatever,  this  point  may  be  easily  de- 
termined by  experiment 

(153.)  If  a  body  uniformly  dense  have  anch  n  shi^ 
that  a  point  may  be  found  on  either  side  of  which  in 
all  directions  around  it  the  materiela  of  the  body  an 
similarly  distributed,  that  point  will  obviously  be  the 
centre  of  gravity.  For  if  it  be  supported,  the  granlA- 
tion  of  the  particles  on  one  side  drawing  them  down- 
wards, is  resisted  by  an  effect  of  exactly  the  same  k^d 
and  of  equal  amount  on  the  opposite  side,  and  ao  '■'tft-  j 
body  remains  balanced  on  the  point.  '       < 

The  moat  remarkable  body  of  this  hind  is  a  g^Iobe, 
the  centre  of  which  is  evidently  its  o 
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A  flat  plate  of  any  unifonn  substaoce,  and  which  has 
in  every  part  an  equal  thickness,  has  its  centre  of  gratity 
at  the  middle  of  its  thickness,  and  under  a  point  of  its 
snrfoce,  which  is  to  be  determined  by  its  shape.  If  it 
be  circular  or  elliptical,  this  point  is  its  centre.  If  it 
have  any  regular  form,  bounded  by  sir^isn':  i't]r^=.  i".  i? 
that  point  which  ii?  equally  distant  tror:i  its  se^'eral  an- 
gles, as  C  in^.  42. 

(154.)  There  are  some  rases  in  wh:«-]i  a!*^'^*!?'*!  the 
place  of  the  centre  of  gravity  is  not  *o  obvicTs  a?  in 
the  examples  just  given,  stiil  it  may  be-  '?i^covcr»:  i  with- 
out any  mathematical  process,  which  is  not  easily  under- 
stood. Suppose  ABC,  Jig.  4^i.,  to  be  a  flat  triangiilar 
plate  of  uniform  thickness  and  density.  Let  it  be  im- 
agined to  be  divided  into  narrow  bars,  by  lines  parallel 
to  the  side  A  C,  as  represented  in  the  figure.  Draw 
B  D  from  the  angle  B  to  the  middle  point  D  of  the  side 
AC.  It  is  not  difficult  to  perceive,  that  BDwill  di- 
vide equally  all  the  bars  into  which  the  triangle  is  con- 
ceived to  be  divided.  Now  if  the  flat  triangular  plate 
ABC  be  placed  in  a  horizontal  position  on  a  straight 
edge  coinciding  with  the  line  BD,  it  will  be  balanced: 
for  the  bars  parallel  to  A  C  will  be  severally  balanced 
by  the  edge  immediately  under  their  middle  point ;  since 
that  middle  point  is  the  centre  of  gravity  of  each  bar. 
Since,  then,  the  triangle  is  balanced  on  the  edge,  the 
centre  of  gravity  must  be  somewhere  immediately  over 
it,  and  must,  therefore,  be  within  the  plate  at  some 
point  under  the  line  B  D. 

The  same  reasoning  will  prove  tliat  the  centre  of 
gravity  of  the  plate  is  under  the  line  A  E,  drawn  from 
the  angle  A  to  the  middle  point  E  of  the  side  B  C.  To 
perceive  this  it  is  only  necessary  to  consider  the  trian- 
gle divided  into  bars  parallel  to  B  C,  and  thence  to 
show  that  it  will  be  balanced  on  an  edge  placed  under 

h 
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AE.  Since  then  the  centre  of  gravity  of  the  plate  ii 
under  the  line  B  D,  uid  hIho  iindor  A  F.,  it  must  be  un- 
der the  point  G,  at  whicli  these  lines  rross  each  otheij  , 
and  it  is  accordingly  at  a.  depth  beneath  G,  equal  to  hilT 
the  thicknesB  of  the  plate. 

This  may  be  eiperimentaJlj  verified  by  taking  a  piece 
of  tin  or  card,  and  cuLIJng  it  into  a  triangular  form. 
The  point  G  being  found  by  drawing  BD  and  AE, 
which  divide  two  aides  equally,  it  will  be  balanced  if 
placed  upon  the  point  of  a  pin  at  G. 

The  centre  of  gravity  of  a  (tiangle  being  thus  de- 
termined, we  shall  be  able  to  find  tlie  position  of  the 
centre  of  gravity  of  any  plate  of  uniform  thickness  and 
density  which  is  bounded  by  etraight  edges,  as  will  be 
shown  hereatler.  (173.) 

(155.)  The  centre  of  gravity  in  not  always  incittded 
within  the  volume  of  the  body,  that  is,  it  is  not  encloaed 
by  its  surfaces.  Numerous  examples  of  thia  can  be 
produced.  If  a  piece  of  wire  be  bent  into  any  fomii 
the  centre  of  gravity  will  rarely  be  in  the  wire.  Sap- 
pose  it  be  brought  to  the  form  of  a  ring.  In  that  cue, 
the  centre  of  gravity  of  the  wire  will  be  the  centre  of 
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(196L)  To  find  the  centre  of  gravity  exporimentidiy, 
dw  moCfaod  described  in  (149,  150)  may  bo  used.  In 
tin  case  two  points  of  suspension  will  be  sufficiont  to 
determine  it ;  for  the  directions  of  the  suspcndinjor  cord 
being  continued  through  the  body,  will  cross  each  other 
at  the  centre  of  gravity.  These  directions  may  also  be 
foond  by  placing  the  body  on  a  sharp  point,  and  ailjust- 
ing  it  BO  as  to  be  balanced  upon  it  In  tills  case  a  line 
drawn  through  the  body  directiy  upwards  from  the  point 
wOl  pass  through  the  centre  of  gravity,  and  therefore 
twosoch  lines  must  cross  at  that  point. 

(157.)  If  the  body  have  two  flat  parallel  surfaces  like 
aheet  metal,  stiff  paper,  card,  board,  &c.,  the  centre  of 
gravity  may  be  found  by  balancing  the  body  in  two 
positions  on  an  horizontal  straight  edge.  The  point 
where  the  lines  marked  by  the  edge  cross  each  oUicr 
win  be  immediately  under  die  centre  of  gravity.  This 
may  be  veiifled  by  showing  that  the  body  will  bo  bal- 
anced on  a  point  thus  placed,  or  that  if  it  be  suspondod, 
the  point  thus  determined  will  always  come*  under  the 
pomt  of  suspension. 

The  position  of  the  centre  of  gravity  of  such  bodies 
may  also  be  found  by  placing  the  body  on  an  liorixontal 
table  having  a  straight  edge.  The  body  boing  moved 
beyond  the  edge  until  it  is  in  that  position  in  wliich  the 
slightest  disturbance  will  cause  it  to  fall,  the  rentrc  of 
gravity  will  then  be  immediately  over  the  edge.  This 
being  done  in  two  positions,  the  centre  of  gravity  will 
be  determined  as  before. 

(158.)  It  has  been  already  stated,  that  when  the  body 
is  perfecUy  free,  the  centre  of  gravity  miint  necessarily 
move  downwards,  in  a  direction  perpendicular  U)  an 
horizontal  plane.  When  the  body  is  not  free,  the  cir- 
cnnifltances  which  restrain  it  generally  permit  the  cen- 
tre of  gravity  to  move  in  certain  directions,  but  ob- 
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struct  its  motion  in  otheis.  Thus  if  a  body  be  Buspeod- 
ed  from  a  fixed  point  bjr  a  flexible  cord,  the  centre  of 
gravity  ie  free  to  move  'in  every  direction  except  those 
which  would  carry  it  farther  from  the  point  of  suspen-  ' 
sion  than  the  lengih  of  the  cord.  Hence  if  we  coa- 
ceive  a  globe  or  sphere  to  surround  the  point  of  Buapeo- 
aion  on  every  side  to  &  distance  equal  to  that  of  the 
centre  of  gravity  from  the  point  of  euspension,  when 
the  cord  la  fully  stretched,  the  centre  of  gravity  will 
be  at  liberty  to  move  in  every  direction  within  thj« 
sphere. 

There  ue  an  infinite  variety  of  circomBtances  under 
which  the  motion  of  a  body  may  be  restrained,  and  in 
which  a  mOst  important  and  usetiil  class  of  mechanical 
problems  originate.  Before  we  notice  others,  we  shall, 
however,  examine  that  which  has  Just  been  described 
mare  particularly. 

Let  P,  Jig.  44.,  be  the  point  of  suspension,  and  C  the 
centre  of  gravity,  and  suppose  the  body  ao  placed  that 
C  shall  be  within  the  sphcro  already  described.  The 
cord  will  therefore  be  slackened,  and  in  this  stnte  the 
body  will  be  free.     The   centre   of  gravity  wiH  there- 
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conseqaently  by  its  inertia  it  retains  this  force,  and 
moves  beyond  P  F  on  the  other  side.  But  when  the 
point  C  gets  into  the  line  P  F,  it  is  in  the  lowest  possi- 
ble position ;  for  it  is  at  the  lowest  point  of  the  sphere 
which  limits  its  motion.  When  it  passes  to  the  other 
side  of  P  F,  it  must  therefore  begin  to  ascend,  and  the 
force  of  gravity,  which  in  the  former  case,  accelerated 
its  descent,  will  now  for  the  same  reason,  and  with  equal 
energy,  oi^>ose  its  ascent.  This  will  be  easily  under- 
stood. Let  C  be  any  point  which  it  may  have  attained 
in  ascending ;  C  Gr',  the  force  of  gravity,  is  now  equiv- 
alent to  C  IV  and  C  E'.  The  latter  as  before  pro- 
duces tension ;  but  the  former  C  D'  is  in  a  direction 
immediately  opposed  to  the  motion,  and  therefore  re- 
tards it.  This  retardation  will  continue  until  all  the 
motion  acquired  by  the  body  in  its  descent  from  the 
first  position  has  been  destroyed,  and  then  it  will  begin 
to  return  to  P  F,  and  so  it  will  continue  to  vibrate  from 
the  one  side  to  the  other  until  the  friction  on  the  point 
P,  and  the  resistance  of  the  air,  gradually  deprive  it  of 
its  motion,  and  bring  it  to  a  state  of  rest  in  the  direc- 
tion P  F. 

But  for  the  effects  of  friction  and  atmospheric  resist- 
ance, the  body  would  continue  for  ever  to  oscillate 
equally  from  side  to  side  of  the  line  P  F. 

(159.)  The  phenomenon  just  developed  is  only  an 
example  of  an  extensive  class.  Whenever  the  circum- 
stances which  restrain  the  body  are  of  such  a  nature 
that  the  centre  of  gravity  is  prevented  from  descending 
below  a  certain  level,  but  not,  on  the  other  hand,  re- 
strained from  rising  above  it,  the  body  will  remain  at 
rest' if  the  centre  of  gravity  be  placed  at  the  lowest 
limit  of  its  level ;  any  disturbance  will  cause  it  to  os- 
cillate around  this  state,  and  it  cannot  return  to  a  state 
of  rest  until  friction   or  some  other  cause  have  de- 

h2 
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prind  It  ftf  the  motion  commnnicated  by  tfa«  diatmbn^ 

(IfiO.)  Under  the  circutCBtniicea  which  we  have  juit 
described,  thf!  body  could  iiol  maiDtain  itself  in  b  etaU 
of  rest  in  any  position  except  that  in  which  the  esntw 
of  gravity  U,  at  the  lowest  point  of  the  space  in  which 
it  b  free  to  move.  Tliit^,  however,  ie  not  always  the 
case.  Suppose  it  were  suspended  by  an  inflexible  rod 
instead  of  a  flexible  string  ;  the  centre  of  gravily  wddU 
then  not  only  be  prevented  from  receding  from  the 
point  of  suspension,  but  also  from  approacliing  it )  in 
fact,  it  wonld  be  always  kept  at  tlie  same  dtatance  &im 
it  Thus,  inateod  of  being  capable  of  moving  ai^- 
where  within  the  sphere,  it  is  now  capable  of  morin; 
on  its  surface  only.  The  reasoning  used  in  the  last 
case  may  also  be  applied  here,  to  prove  that  when  the 
centre  of  gravity  is  on  either  side  of  the  perpendicular 
P  F,  it  will  fall  towards  P  F  and  oscillate,  and  thU  if  it 
be  placed  in  the  line  P  F,  it  will  remain  in  equilibrium. 
But  in  this  case  there  is  another  position,  in  which  the 
centre  of  gravity  may  be  placed  so  ns  to  produce  equi- 
librium. If  it  be  placed  at  the  highest  point  of  the 
sphere  in  which  it  moves,  the  whole  ibrce  acti 
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(161.)  The  two  states  of  equilibrium  which  have 
Ben  just  noticed,  are  called  stable  and  instable  equi- 
brium.  The  character  of  the  former  is,  that  any  dis- 
irbaace  of  the  state  produces  oscillation  about  it ;  but 
ny  disturbance  of  the  latter  state  produces  a  total 
verthrow,  and  finally  causes  oscillation  around  the  state 
f  stable  equilibrium. 

Let  A  B,  Jig.  45.,  be  an  elliptical  board  resting  on  its 
dge  on  an  horizontal  plane.  In  the  position  here  rep- 
Bsented,  the  extremity  P  of  the  lesser  axis  being  the 
oint  of  support,  the  board  is  in  stable  equilibrium; 
>r  any  motion  on  either  side  must  cause  the  centre  of 
ravity  C  to  ascend  in  the  directions  C  O,  and  oscilla- 
on  will  ensue.  If,  however,  it  rest  upon  the  smaller 
ad,  as  in^.  46.,  the  position  would  stDl  be  a  state  of 
[|uilibriom,  because  the  centre  of  gravity  is  directly 
bofve  the  point  of  support ;  but  it  would  be  instable 
quilibrium,  because  the  slighest  displacement  of  the 
entre  of  gravity  would  cause  it  to  descend. 

Thus  an  egg  or  a  lemon  may  be  balanced  on  the  end, 
ut  the  least  disturbance  will  overthrow  it  On  the 
ontrary,  it  will  easily  rest  on  the  side,  and  any  dis- 
irbance  will  produce  oscillation. 

(162.)  When  the  circumstances  under  which  the 
ody  is  placed  allow  the  centre  of  gravity  to  move  only 
I  an  horizontal  line,  the  body  is  in  a  state  which  may 
e  called  netUrcU  equilibrium.  The  slightest  force  will 
love  the  centre  of  gravity,  but  will  neither  produce 
sciUation  nor  overthrow  the  body,  as  in  the  last  two 
ases. 

An  example  of  this  state  is  furnished  by  a  cylinder 
laced  upon  an  horizontal  plane.  As  the  cylinder  is 
Dlled  upon  the  plane,  the  centre  of  gravity  C,^,  47., 
loves  in  a  line  parallel  to  the  plane  A  B,  and  distant 
•om  it  by  the  radius  of  the  cylinder.    The  body  will 
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tliiu  rest  indifibreuUr  in  any  positioo,  becinsa  tha  Bne 
of  direction  ftlwajrs  folia  upon  a  point  P  at  which  tlw 
body  i«sta  upon  the  plane. 

If  the  plane  were  inclined,  as  in  fig.  48^  ft  bod/ 
might  be  bo  shaped,  that  while  it  would  roll  the  centie 
of  gravity  would  more  horizontaJly.  In  this  case  the 
hod;  would  rest  indifferentlj  on  anj  part  of  the  ,]dam, 
BS  if  it  were  Horizontal,  provided  the  friction  be  auffi' 
cient  to  prevent  the  body  from  sliding  down  the  plane. 

If  the  centre  of  gravity  of  a  cylinder  happen  ant 
to  coincide  with  its  centre  by  reason  of  the  want  cf 
uniformity  in  the  materials  of  which  it  is  composed,  it 
will  not.  be  in  a  state  of  neutral  equilibrium  on  an  hor- 
isontal  plane,  as  in  Jig.  47.  In  this  case  let  O,  Jig.  AH., 
be  the  centre  of  gravity.  In  the  position  here  repre- 
sented, where  the  centre  of  gravity  is  immediately  hdme 
the  centre  C,  the  state  will  be  stable  equilibrium,  bacaaN 
a  motion  on  either  side  would  cause  the  centre  tf 
gravity  to  ascend ;  but  in  Jig.  50.,  where  G  is  immefr 
ately  above  C,  the  state  is  instable  equilibriom,  be- 
cause a  motion  on  either  side  would  cause  O  te  deacend, 
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;8.  There  are  two  cases  represented  in  Jig,  SSL 
ig,  53.,  in  which  G  takes  this  position.  ISg,  52. 
lents  the  state  of  stable,  and  ISg,  53.  of  instable 
j^rinm. 

4.)  When  a  body  is  placed  upon  a  base,  its  stabili- 
rpendfl  npon  the  position  of  the  line  of  direction 
!ie  height  of  the  centre  of  gravity  above  the  base. 
I  line  of  direction  fall  within  the  base,  the  body 
tand  firm ;  if  it  fiill  on  the  edge  of  the  base,  it  will 
a  state  in  which  the  slightest  force  will  overthrow 
that  side  at  which  the  line  of  direction  falls ;  and 

line  of  direction  fall  without  the  base,  the  body 
turn  over  that  edge  which  is  nearest  to  the  line 
-ection. 

fig»  54.  and  ^.  55.,  the  line  of  direction  G  P  falls 
1  the  base,  and  it  is  obvious  that  the  body  will 

firm ;  for  any  attempt  to  turn  it  over  either  edge 
I  cause  the  centre  of  gravity  to  ascend.  But  in 
3.  the  line  of  direction  falls  upon  the  edge,  and  if 
ody  be  turned  over,  the  centre  of  gravity  inunedi- 

commences  to  descend.  Until  it  be  turned 
however,  the  centre  of  gravity  is  supported  by 
dge. 

fig,  57,  the  line  of  direction  falls  outside  the  base, 
lentre  of  gravity  has  a  tendency  to  descend  from 
rards  A,  and  the  body  will  accordingly  fall  in  that 
don. 
5.)  When  the  line  of  direction  falls   within  the 

bodies  will  always  stand  firm,  but  not  with  the 

degree  of  stability.  In  general,  the  stability 
ids  on  the  height  through  which  the  centre  of 
ty  must  be  elevated  before  the  body  can  be  over- 
m.    The  greater  this  height  is,  the  greater  in  the 

proportion  will  be  the  stability. 
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Let  B  A  C,  fig.  58.,  be  a  pyramid,  the  centre  of  gm' 
itf  beiDg  at  G.  To  turn  this  over  the  edge  B,  the  csn- 
tre  of  gravity  must  be  curried  over  Ihe  arch  G  "R,  and 
must  therefore  be  raised  through  the  height  H  ]^  V, 
however,  the  pyramid  were  taller  relatively  to  its  bue, 
tM  in  fig.  59.,  the  height  HE  would  be  proportioDilly 
1«M  j  and  if  the  base  were  very  small  in  reference  to 
the  height,  as  in^.  60.,  the  height  H  G  would  be  very 
email,  and  a  alight  force  would  throw  it  over  the  edge  & 

It  b  obvious  that  the  aame  observations  may  be  applied 
to  all  figiuea  whatever,  the  concluBions  just  deduced 
depending  only  on  the  diataiice  of  the  line  of  directien 
from  the  edge  of  the  base,  and  the  height  of  the  centre 
of  gravity  above  it. 

(IGG.)  Hence  we  may  perceive  the  principle  on  wbicb 
the  stability  of  loaded  carriages  depends.  When  tba 
load  ia  placed  at  a  considcr&ble  elevation  above  tha 
wheels,  the  centre  of  gravity  is  elevated,  and  the  ea^ 
riage  becomes  proportionally  insecure.  In  coachee^fbt 
the  conveyance  of  passengers,  the  luggage  is  there- 
fore sometimes  placed  below  the  body  of  the  coach; 
light  parcels  of  large  bulk  may  be  placed  on  the  top 


CSAT*  IZ.  rAlOLIAR  XXAKPLES.  137 

If  a  IttgB  table  be  placed  upon  a  single  leg  in  its 
MBlre,  it  will  be  impracticable  to  make  it  stand  firm ; 
but  if  the  pillar  on  which'  it  rests  terminate  in  a  tripod, 
It  wiK  have  the  same  stability  as  if  it  had  three  legs 
attached  to  the  points  directly  over  the  places  where 
the  feet  of  the  tripod  rest. 

(168.)  When  a  solid  body  is  supported  by  more  points 
than  one,  it  is  not  necessary  for  its  stability  that  the 
line  of  direction  should  fall  on  one  of  those  points.  If 
there  be  only  two  points  of  support,  the  line  of  direc- 
tion must  fiill  between  them.  The  body  is  in  this  case 
supported  as  efiectually  as  if  it  rested  on  an  edge  coin- 
ciding with  a  straight  line  drawn  from  one  point  of  sup- 
port to  the  other.  If  there  be  three  points  of  support, 
which  are  not  ranged  in  the  same  straight  line,  the  body 
will  be  supported  in  the  same  manner  as  it  would  be  by  a 
base  coinciding  with  the  triangle  formed  by  straight 
lines  joining  the  three  points  of  support.  In  the  same 
inanner,  whatever  be  the  number  of  points  on  which 
ihe  body  may  rest,  its  virtual  base  will  be  found  by 
supposing  straight  lines  drawn,  joining  the  several 
points  successively.  When  the  line  of  direction  falls 
within  this  base,  the  body  will  always  stand  firm,  and 
otherwise  not.  The  degree  of  stability  is  determined 
in  the  same  manner  as  if  the  base  were  a  continued 
sorface. 

(169.)  Necessity  and  experience  teach  an  animal  to 
adapt  its  postures  and  motions  to  the  position  of  the 
centre  of  gravity  of  his  body.  When  a  man  stands, 
the  line  of  direction  of  his  weight  must  fall  within  the 
base  formed  by  his  feet.  If  A  B,  C  D,  fig  61.,  be  the 
feet,  this  base  is  the  space  A  B  D  C.  It  is  evident,  that 
the  more  his  toes  are  turned  outwards,  the  more  con- 
tracted the  base  will  be  in  the  direction  £  F,  and  the 
more  liable  he  wUl  be  to  fall  backwards  or  forwards. 
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Alto  the  cloier  hia  feel,  are  together,  the  more  contr 
ted  the  base  will  be  in  the  direction  G  H,  and  the  m 
liable  lie  will  be  to  fal)  towards  either  side. 

When  a  man  walks,  the  legs  are  altemately^Ufted 
from  the  ground,  and  the  centre  of  gravity  is  either  im- 
Bupported  or  thrown  from  the  one  side  to  the  othei. 
The  body  is  also  thrown  a  little  forward,  in  order  tbil 
tJte  tendency  of  the  centre  of  gravity  to  fall  in  the  di- 
rection of  the  toes  mny  assist  the  muscular  action  ii 
propelling  the  body.  Thiu  forward  iitclination  of  ^ 
body  increases  with  the  speed  of  the  n 

But  for  the  flexibility  of  the  knee-joint  the  labor  af 
walking  would  be  miiuh  greater  than  it  is ;  for  the  cen- 
tre of  gravity  would  be  more  elevated  by  each  step. 
The  line  of  motion  of  the  centre  of  gravity  in  walking 
is  represented  by  ^g,  fSH.,  and  deviates  but  little  from  >  | 
regular  horizontal  line,  so  that  the  elevation  of  the  cen- 
tre of  gravity  ia  subject  to  very  slight  varintion.  Buttf 
there  were  no  knee-joint,  as  when  a  man  has  wooden 
legs,  the  centre  of  gravity  would  move  as  injSg.  63,,  w 
that  at  each  step  the  weight  of  the  body  would  be  lifted 
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le  leg  ifl  extended,  in  order  to  bring  the  centre 
ty  oirer  the  foot  w)uch  supports  them. 
I  a  porter  c&rries  a  load,  his  position  most  be 
d  by  the  centre  of  gravity  of  his  body  and  the 
en  together.  If  he  bore  the  load  on  his  back, 
of  direction  would  pass  beyond  his  heels,  and 
Id  fall  backwards.  To  bring  the  centre  of 
over  his   feet   he   accordingly  leans  forwards 

irse  carry  a  child  in  her  amu^  she  leans  back 
)  reason. 

a  load  is  carried  on  the  head,  the  bearer  stands 
that  the  centre  of  gravity  may  be  over  his  feet, 
ding  a  hill,  we  appear  to  incline  forward ;  and 
nding,  to  lean  backward,  but  in  truth  we  are 

upright  with  respect  to  a  level  plane.  This  is 
f  to  keep  tlie  line  of  direction  between  the 
I  evident  from  Jig,  05. 
ion  sitting  on  a  chair  which  has  no  back  cannot 

it  without  either  stooping  forward  to  bring  the 
f  gravity  over  the  feet,  or  drawing  back  the 
ing  them  under  the  centre  of  gravity. 
Imped  never  raises  both  feet  on  the  same  side 
iously,  for  the  centre  of  gravity  would  then  be 
ted.  Let  ABC  D,  Jig,  66.,  be  the  feet.  The 
which  it  stands  is  A  B  C  D,  and  the  centre  of 
I  nearly  over  the  point  O,  where  the  diagonals 
h  other.  The  legs  A  and  C  being  raised  to- 
he  centre  of  gravity  is  supported  by  the  legs 
since  it  falls  between  them ;  and  when  B  and 
ised  it  is,  in  like  manner,  supported  by  the 
id  C.  The  centre  of  gravity,  however,  is  often 
ted  for  a  moment ;  for  the  leg  B  is  raised  from 
ud  before  A  comes  to  it,  as  is  plain  from  ob- 
le  track  of  a  horse's  feet,  the  mark  of  A  being 
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vpoa  or  befoi«  that  of  B.  In  the  more  r^d 
■11  ■nimni.  the  centie  of  gravity  is  ti,  interval! 
ported. 

The  feats  of  rope-daDcers  are  enperimenbi 
management  of  the  centre  of  gravity.  The  e' 
of  the  performer  are  found  to  be  facilitated  bj 
in  hie  hand  a  heavy  pole.  Hie  secnri^  in  this 
pends,  not  on  the  centre  of  gravity  of  hia  bod 
that  of  his  body  and  the  pole  taken  togethe 
point  is  near  the  centre  of  the  pole,  so  that,  ii 
ma;  be  eaid  to  hold  in  hie  hands  the  point  cm 
tion  of  which  the  facility  of  liia  feats  depends 
oat  the  aid  of  the  pole  the  centre  of  gravity ' 
vrithin  the  trunk  of  the  body,  and  ita  position  i 
be  adapted  tocircumetancea  with  the  eame  ea» 

(170.)  The  centre  of  gravity  of  ■  mass  oS  flo 
point  which  would  have  the  properties  which  b 
proved  to  belong  to  the  centre  of  gravity  of 
Uie  fluid  were  solidified  without  changing  in  an 
the  quantity  or  arrangement  of  its  parts.    T 
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This  may  easily  be  verified  experimentally.  Let  A 
ad  B  be  two  bodies,  whose  weight  is  considerable,  in 
)mparison  with  that  of  the  rod  a  b,  which  joins  them» 
at  a  fine  silken  string,  with  its  ends  attached  to  them, 
i  hung  upon  a  pin  ;  and  on  the  same  pin  let  a  plumb- 
ae  be  suspended.  In  whatever  position  the  bodies 
ay  be  hung,  it  will  be  observed  that  the  plumb-line 
ill  cross  the  rod  a  6  at  the  same  point,  and  that  point 
ill  divide  the  line  a  h  into  parts  a  C  and  h  C,  which 
e  in  the  proportion  of  the  mass  of  B  to  the  mass  of  A. 
(172.)  The  centre  of  gravity  of  three  separate  bodies 
defined  in  the  same  manner  as  that  of  two,  and  may 
i  found  by  first  determining  the  centre  of  gravity  of 
ro ;  and  then  supposing  their  masses  concentrated  at 
at  point,  so  as  to  form  one  body,  and  finding  the  cen- 
e  of  gravity  of  that  and  the  third. 
In  the  same  manner  the  centre  of  gravity  of  any 
miber  of  bodies  may  be  determined. 
(173.)  If  a  plate  of  uniform  thickness  be  bounded  by 
raight  edges,  its  centre  of  gravity  may  be  found  by 
.viding  it  into  triangles  by  diagonal  lines,  as  in^.  68.y 
id  having  determined  by  (154)  tlie  centres  of  gravity 
'  the  several  triangles,  the  centre  of  gravity  of  the 
hole  plate  will  be  their  conunon  centre  of  gravity, 
•und  as  above. 

(174.)  Although  the  centre  of  gravity  takes  its  name 
om  the  familiar  properties  which  it  has  in  reference 
>  detached  bodies  of  inconsiderable  magnitude, 
laced  on  or  near  the  surface  of  the  earth,  yet  it  pos* 
esses  properties  of  a  much  more  general  and  not  less 
oportaDt  nature.  One  of  the  most  remarkable  of 
lese  is,  that  the  centre  of  gravity  of  any  number  of 
jparate  bodies  is  never  affected  by  the  mutual  attrac- 
on,  impact,  or  other  influence  which  the  bodies  may 
ransmit  from  one  to  another.    This  is  a  necessary  CQU* 
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■equence  of  the  eqnaJjty  of  action  and  reaction  «>• 
pUined  in  Chapter  IV.  For  if  A  and  B,fg.  67^  attnet 
each  other,  and  chaoge  their  places  to  A'  B',  the  aptec 
aa'  will  have  tobb'  the  same  proportion  aa  B  haa  to  A,  and 
therefore  by  what  has  juat  been  proved  (171)  the  aanw 
proportion  as  a  C  has  to  b  C.  It  follows  that  the  remain- 
ders  a'  C  and  b'  C  will  be  in  the  proportion  of  B  to  A, 
and  that  C  will  continue  to  be  the  centre  of  gmity  of 
the  bodies  after  they  have  approached  bj  their  matuJ 
attraction. 

SuppoM,  for  example,  that  A  and  B  were  13  lbs.  anl 
8  Iba.  respectively,  and  that  a  b  were  40  feeL  The  p«Bt 
C  must  (171)  divide  a  b  into  two  parts,  in  the  proportiOB 
ofBtol2,orof2to3.  Hence  it  is  obvious  that 
a  C  will  be  16  feet,  and  b  C  24  feet  Now  suppoM  thit 
A  and  B  attract  each  other,  and  that  A  approachetB 
throug'h  two  feet  Then  B'  must  approach  A  throogh 
three  feet  Their  distances  from  C  will  now  be  U 
feet  and  21  feet,  which,  being  in  the  proportion  of  B 
to  A,  the  point  C  will  still  bo  their  centre  of  grari^. 

Hence  it  follows,  that  if  a  system  of  bodies,  placed  il 


»▲».  IX.      BOTATOftT  Alio  PAOCMUfiSSlTX  MOTIOlf.      143 

rom  B  to  the  line  A  a ;  a  parallel  C  c  to  A  a  through  C 
livides  all  these  lines  in  the  same  proportion  ;  and 
herefore,  while  the  body  A  moves  from  A  to  a,  the 
lommon  centre  of  gravity  moves  from  C  to  c. 

If  both  the  bodies  A  and  B  moved  uniformly  in 
itAi^ht  lines,  the  centre  of  gravity  would  have  a  mo- 
ion  compounded  (74)  of  the  two  motions  with  which  it 
^onld  be  aflfected,  if  each  moved  while  the  other  re- 
oained  at  rest.  In  the  same  manner,  if  there  were 
hree  bodies,  each  moving  uniformly  in  a  straight  line, 
heir  common  centre  of  gravity  would  have  a  motion 
ompounded  of  that  motion  which  it  would  have  if  one 
emained  at  rest  while  the  other  two  moved,  and  that 
rhich  the  motion  of  the  first  would  give  it  if  the  last 
WQ  remained  at  rest ;  and  in  the  same  manner  it  may 
\e  proved,  that  when  any  number  of  bodies  move  each 
Q  a  straight  line,  their  common  centre  of  gravity  will 
lave  a  motion  compounded  of  the  motions  which  it  re- 
ieivea  from  the  bodies  severally. 

It  may  happen  that  the  several  motions  which  the 
•entie  of  gravity  receives  from  the  bodies  of  the  system 
ivill  neutralize  each  other ;  and  this  does,  in  fact,  take 
ilace  for  such  motions  as  are  the  consequences  of  the 
nutual  action  of  the  bodies  upon  one  another. 

(176.)  If  a  system  of  bodies  be  not  under  the  imme- 
iiate  influence  of  any  forces,  and  their  mutual  attrac- 
ion  be  conceived  to  be  suspended,  they  must  severally 
le  either  at  rest  or  in  uniform  rectilinear  motion  in  vir- 
tue of  their  inertia.  Hence,  their  common  centre  of 
|rravity  must  also  be  either  at  rest  or  in  uniform  recti- 
inear  motion.  Now,  if  we  suppose  their  mutual  attrac- 
ions  to  take  effect,  the  state  of  their  common  centre  of 
pravity  will  not  be  changed,  but  the  bodies  will  severally 
receive  motions  compounded  of  their  previous  uniform 
IFeotilinear  motions  and  those  which  result  from  their 
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mutud  attTACtionf.  The  combined  eSecte  will  cwx 
each  boiiy  to  revolve  ia  im  orbit  round  the  common  cen- 
tre of  grB.vity,  or  will  pTec:ipitiLte  it  towards  that  pout 
But  Etiil  that  point  will  BiaJntaan  ita  former  state  undis- 
turbed. 

This  conatitutes  one  of  the  general  laws  of  mecBOi- 
cal  science,  and  is  of  grent  importance  in  phjeicalw- 
tronomy.  It  b  known  by  the  Ijlle  "  the  conseryatwn 
of  the  motion  of  the  centre  of  gravity." 

(177.)  The  Folnr  system  is  nn  instance  ttf  tlie  class  of 
plienomenn  to  which  we  hnvc  just  referred.  AlIJ^ 
moliona  of  tho'boilies  which  eompose  it  can  be  traceSbi 
certain  unifomi  rectilinear  motions,  received  from  soiae 
former  impulse,  or  from  b,  force  whoso  action  has  ieea 
■□spend  ed,  and  those  motions  which  neceasarilf  resak 
&om  the  principle  of  gravitation.  But  we  ehaS  not 
here  insist  further  on  this  tiubject,  which  more  propeilj 
belong  to  anotlier  department  of  the  science. 

(17H.)  If  a  solid  body  suffer  an  impact  in  the  dins' 
tten  of  a  line  passing  through  its  centre  of  gravity,  tU 
the  particles  of  the  body  will  be  driven  forward  witi 
e  velocity  in  lines  parallel  to  the  directjon  cf 
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mass  round  the  centre  of  gravity  may  be  found  by 
aidering  the  centre  of  gravity  aa  a  fixed  point,  round 
ch  the  mass  is  free  to  move,  and  then  determining 
motion  which  the  applied  forces  would  produce. 
B  motion  being  supposed  to  continue  uninterrupted, 
all  the  forces  be  imagined  to  be  applied  in  their 
per  directions  and  quantities  to  the  centre  of  gravity, 
the  principles  for  the  composition  of  force  they  wUl 
mechftqically  equivalent  to  a  single  force  through 
;  point.  In  the  direction  of  this  single  force  the 
fare  of  gravity  will  move  and  have  the  same  veloci- 
8  if  the  whole  mass  were  there  concentrated  and 
uved  the  impelling  forces. 

.79.)  These  general  properties,  which  are  entirely 
ipendent  of  gravity,  render  the  ^centre  of  gravity  " 
inadequate  title  for  this  important  point  Some 
ncal  writers  have,  consequently,  called  it  the  "  cen- 
of  inertia."  The  "  centre  of  gravity,"  however,  is 
name  by  which  it  is  still  generally  designated. 


CHAPTER  X. 

THE  HECHjUriCAL  PROPERTIES  OF  All  AXIS. 

180.)  When  a  body  has  a  motion  of  rotation,  the 
round  which  it  revolves  is  called  an  axis.  Every 
it  of  the  body  must  in  this  case  move  in  a  circle, 
>se  centre  lies  in  the  axis,  and  whose  radius  is  the 
ance  of  the  point  from  the  axis.  Sometimes  while 
body  revolves,  the  axis  itself  is  movable,  and  not 
requently  in  a  state  of  actual  motion.  The  motions 
he  earth  and  planets,  or  that  of  a  common  spinning- 
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top,  are  examplea  of  tiaa.  The  cues,  however,  wfaiek 
will  be  considered  in  the  present  chapter,  are  chieflf 
those  in  which  die  axis  is  immovable,  or  at  least  when 
its  motion  has  no  relation  to  ttie  plienomena  under  in- 
vestigation. Instances  of  this  ars  so  frequent  and^b- 
vious,  that  it  seems  Hcucel;  necessarj'  to  particol^M 
them.  Wheel-work  of  every  description,  the  morinf 
parts  of  watches  and  clocks,  turning  lathes,  mill-work, 
doors  and  lida  on  hinges,  are  all  obvious  examples.  In 
tools  or  other  instruments  which  work  on  joints  or  [UTcrti, 
such  as  scissors,  shears,  pincers,  although  the  joint  v 
pivot  be  not  absolutely  fixed,  it  ia  to  be  considered  h  is 
reference  to  the  mechanical  effect. 

In  some  cases,  as  in  most  of  the  wlieeta  of  wtCcbei 
and  clocks,  fly-wheels  utA  ctawks  of  ibe  tntning  Irih*, 
and  the  arras  of  wind-mills,  tJie  body  turns  condnually 
in  the  same  direction,  and  each  of  its  points  traversea « 
complete  circle  during  every  revolution  of  the  b*dj 
round  its  axis.  In  other  instaoces  the  motion  is  •]U^ 
nate  or  reciprocating,  its  <lirection  being  at  intervib 
reversed.      Such   is  the  case   in  pendulums   of  clocb, 
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Mtfanate  the  efibcts  of  those  centrifii^  forces  (137.) 
vhich  are  created  by  the  mass  of  the  body  whirling^ 
itMDid  the  axis. 

Forces  in  general  have  been  distinguished  by  the  du- 
ration of  their  action  into  instantaneous  and  continued 
foTcea.  The  eflfect  of  an  instantaneous  force  is  produ- 
ced in  an  infinitely  short  time.  If  the  body  which  sus- 
tains such  an  action  be  previously  quiescent  and  free, 
it  will  nwve  with  a  uniform  velocity  in  the  direction  of 
the  impressed  force.  (93.)  If,  on  the  other  hand,  the 
Imdj  be  not  free,  but  so  restrained  that  the  impulse  can- 
wrt  put  it  in  motion,  then  the  fixed  points  or  lines  which 
resist  the  motion  sustain  a  corresponding  shock  at  the 
moment  of  the  impulse.  This  efiect,  which  is  called 
ftreuuiony  is  like  the  force  which  causes  it,  instantane- 
oos. 

A  contiBCied  fbrce  produces  a  continued  effect.  If 
the  body  be  free  and  previously  quiescent,  this  effect  is 
a  continual  increase  of  velocity.  If  the  body  be  so  re- 
■trained  that  the  applied  force  cannot  put  it  in  motion, 
the  efiect  is  a  continued  pressure  on  the  points  or  lines 
which  sustain  it.  (94.) 

It  may  happen  however,  that  although  the  body  be 
not  absolutely  free  to  move  in  obedience  to  the  force 
applied  to  it,  yet  still  it  may  not  be  altogether  so  re- 
strained as  to  resist  the  effect  of  that  force  and  remain 
at  rest.  If  the  point  at  which  a  force  is  applied  be  free 
to  move  in  a  certain  direction  not  coinciding  with  that 
of  the  applied  force,  that  force  will  be  resolved  into  two 
elements ;  one  of  which  is  in  the  direction  in  which  the 
point  is  free  to  move,  and  the  other  at  right  angles  to 
that  direction.  The  point  will  move  in  obedience  to 
the  former  element,  and  the  latter  will  produce  percus- 
sion or  pressure  on  the  points  or  lines  which  restrain 
the  body.    In  fact,  in  such  cases  the  resistance  offered 
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ij  the  ciicniasUiicea  which  confine  the  motion  of  4w 
body  modifies  the  motion  which  it  receive*,  and  u  ttnry 
change  of  motion  must  be  the  consequence  of  k  Ioicb 
applied  (44.),  the  fixed  points  or  lines  which  offer  the  le- 
Biatance  mnet  suffer  a  correBpouding  effect. 

It  may  happen  that  the  forces  impremed  on  the  body, 
whether  they  be  continued  or  instantaneoos,  are  such 
as,  were  it  free,  would  communicate  to  it  a  motino 
which  the  circnmatancee  which  restrain  it  do  not  forhid 
it  to  receive.  In  each  a  case  the  fised  pointi  or  Ubm 
which  restrain  the  body  sustain  no  force,  and  the  pb*- 
nomena  will  be  the  same  in  all  respects  as  if  IligM 
points  or  lines  were  not  fixed. 

It  will  be  easy  to  apply  these  general  reflectiaiie  to 
the  case  in  which  a  solid  body  is  movable  on  a  flxad 
axis.  Such  a  body  is  susceptible  of  no  motion  except 
one  of  rotation  on  that  axis.  If  it  be  sobntitted  to  (h« 
action  of  instantaneous  forces,  one  or  other  of  the  fiit 
lowing  efibcts  must  ensue.  1.  The  axia  may  reoiat  the 
forces,  and  prevent  any  motion.  2.  The  axis  may  mod- 
ify the  efi^Ct  of  the  forces   sustaining  a  corresponding 
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tian  of  the  forces.  9.  The  forces  may  be  such  as  would 
commmiicate  to  the  body  the  same  rotatory  motion  if  the 
uds  were  not  fixed.  In  this  case  the  forces  will  pro- 
dace  no  pressure  on  the  axis. 

The  impressed  forces  are  not  the  only  causes  which 
affect  the  axis  of  a  body  during  the  phenomenon  of  ro- 
tation.   This  species  of  motion  calls  into  action  other 
iorcefl  depending  on  the  inertia  of  the  mass,  which 
produce  ef^ts  upon  the  axis,  and  which  play  a  promi'- 
aent  part  in  the  theory  of  rotation.    While  the  body 
rerolyes  on  its  axis,  the  component  particles  of  its  mass 
EDOve  in  circles,  the  centres  of  which  are  placed  in  the 
izis.    The  radius  of  Jhe  circle  in  which  each  particle 
moves  b  the  line  drawn  from  that  particle  perpendicular 
to  the  axis.    It  has  been  already  proved  that  a  particle 
of  matter,  having  a  circular  motion,  is  attended  with  a 
centrifugal  force  proportionate  to  the   radius  of  the 
circle  in  which  it  moves  and  to  the  square  of  its  angular 
velocity.    When  a  solid  body  revolves  on  its  axis,  all 
its  parts  are  whirled  round  together,  each  performing 
a  complete  revolution  in  the  same  time.    The  angular 
velocity  is  consequently  the  same  for  all,  and  the  differ- 
ence of  the  centrifugal  forces  of  different   particles 
must  entirely  depend  upon  their  distances  from  the  axis. 
The  tendency  of  each  particle  to  fly  from  the  axis,  aris^ 
ing  from  the  centrifugal  force,  is  resisted  by  the  cohe- 
sion of  the  parts  of  the  mass,  and  in  general  this  ten- 
dency is  expended  in  exciting  a  pressure  or  strain  upon 
the  axis.    It  ought  to  be  recollected,  however,  that  this 
pressure  or  strain  is  altogether  different  from  that  al- 
ready mentioned,  and  produced  by  the  forces  which 
give  motion  to  the  body.    The  latter  depends  entirely 
upon  the  quantity  and  directions  of  the  applied  forces  in 
relation  to  the  axis :  the  former  depends  on  the  figure 
and  density  of  the  body,  and  the  velocity  of  its  motion, 
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These  yerj  complex  eiTecta  render  a  eimple  and  ele- 
taentar;  eKpoaition  of  the  mechanical  propertieH  of  a 
fixed  axia  a  matter  or  considernhle  difficulty.  Indeed, 
the  complete  mathematicnl  developoment  of  thii  thewj 
long  eluded  the  skill  of  the  idobI  acute  geometers,  tni 
it  WB3  only  at  a  comparatively  late  period  that  it  yielded 
to  the  searching  analysia  of  modem  science. 

(163.)  To  commence  with  the  most  simple  esse,  we 
shall  consider  the  body  as  submitted  to  the  action  of  i 
iingle  force.  The  effect  of  this  force  will  »ary  accord- 
ing to  the  relation  of  its  direction  to  that  of  the  am 
There  are  two  ways  in  which  a  body  msy  be  conceived 
to  be  movable  around  an  axis.  1  By  having  pivola  It 
two  points  which  rest  in  sockets,  so  that  when  the  body 
is  moved  it  must  revolve  round  the  right  line  jwidiip 
the  pivots  (13  an  axis.  3.  A  thin  cylindrical  rod  may 
pass  through  the  body,  on  which  it  may  turn  in  the 
same  manner  as  a  wheel  upon  its  axle. 

If  the  force  he  applied  to  the  body  in  the  directionV 
the  oxia,  it  is  evident  that  no  motion  can  ensue,  and  lbs 
effect  produced  will  be  a  pressure  on  that  pivot  towards 
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tbely  to  the  fbzce  C  D  the  same  proportion  as  A  E  has 
to  A  B*  Such  will  be  the  mechanical  effect  of  a  force 
d  D  parallel  to  the  axis.  And  as  these  effects  are  all 
iireeted  on  the  pivots,  no  motion  can  ensue. 

If  the  body  revolve  on  a  cylindrical  rod,  the  forces 
A.  G  and  B  F  would  produce  a  strain  upon  the  axisy 
Hrhile  the  third  force  in  the  direction  B  A  would  have  a 
iendenoy  to  make  the  body  slide  along  it 

(183.)  If  the  force  applied  to  the  body  be  directed 
ipon  tiie  axis,  and  at  right  angles  to  it,  no  motion  oan 
)6  produced.  In  this  case,  if  the  body  be  supported  by 
nvoCs  at  A  and  B,  the  force  K  L,  perpendicular  to  the 
ine  A  B,  will  be  distributed  between  the  pivots,  produ- 
cing a  pressure  on  each  proportional  to  its  distance  from 
he  other.  The  pressure  on  A  having  to  the  pressure 
m  B  the  same  proportion  as  L  B  has  to  L  A. 

If  the  force  K  H  be  directed  obliquely  to  the  axis,  it 
prill  be  equivalent  to  two  forces  (76.),  one  E  L  perpen- 
liciilar  to  the  axis,  and  the  other  K  M  parallel  to  it 
The  effect  of  each  of  these  may  be  investigated  as  in 
[he  {neceding  cases. 

In  all  these  observations  the  body  has  been  supposed 
to  be  submitted  to  the  action  of  one  force  only.  If 
Mveral  forces  act  upon  it,  the  direction  of  each  of  them 
iromnng  the  axis  either  perpendicularly  or  obliquely,  or 
laking  the  direction  of  the  axis  or  any  parallel  direc- 
don,  their  effects  may  be  similarly  investigated.  In  the 
iame  manner  we  may  determine  the  effects  of  any  num- 
ber of  forces  whose  combined  results  are  mechanically 
H^uivalent  to  forces  which  oither  intersect  the  axis  or 
lire  parallel  to  it 

(184.)  If  any  force  be  applied  whose  direction  lies  in 
.  plane  oblique  to  the  axis,  it  can  always  be  resolved 
ttto  two  elements  (76.),  one  of  which  is  parallel  to  the 
JOB,  and  the  other  in  a  plane  perpendicular  to  it    The 

is 
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effbct  of  tfae  Ibrmer  has  been  already  det^mined,  and 
therefore  we  shall  aE  preseot  conSae  our  attention  fat 
the  Ulter. 

Suppose  iJie  axis  to  be  perpendicular  to  the  |Mp<ri 
and  to  pasi  through  the  point  G,  Jig.  1\.,  and  let  A  B  C 
be  a  seclioa  of  the  body.  It  will  be  oDuvenient  to  con- 
aider  the  section  vertical  and  the  axis  lu>ri2ontal,  unit' 
ting,  however,  any  notice  of  the  effect  of  tlie  weigt^af 
the  body. 

Let  a  weight  W  bo  Buapendod  by  a  cord  Q,  W  froar 
any  point  Q,.  This  woight  will  evidently  have  a  teo- 
dencj  to  turn  the  body  round  in  the  direction  ABC. 
Let  another  cord  he  utUuhed  to  any  other  point  P,  ud, 
being  carried  over  a  wheel  B.,  let  a  disli  8  be  attached 
to  it,  and  let  fine  sand  be  poured  \vAa  tliie  dish,  until  the 
tendency  of  S  to  turn  the  body  round  the  axis  in,  the 
direction  of  OBA  balances  the  oppoaito  teadency  of 
W.  Let  the  weights  of  W  and  ^  be  then  exacll| 
aaceTtaioed,  and  also  let  the  distances  GI  and  GHof 
the  cords  from  the  axis  be  exactly  measured.  It  iriS 
e  found  that,  if  the  number  of  ounces  in  the  wei^ilS 
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From  what  has  been  just  stated  it  fbllows,  that  the 
•Mrgy  of  the  weight  of  S  to  move  the  body  on  its  axis, 
does  BLOt  depend  alone  upon  the  actual  amount  of  that 
weigbt,  but  also  upon  the  distance  of  the  string  irom 
the  axis.    If,  while  the  position  of  the  string  remains 
analtared,  the  weight  of  S  be  increased  or  diminished, 
ihe  Tensting  weight  W  must  be  increased  or  diminished 
IB  the  saae  proportion.    But  if,  while  the  weight  of  S 
lomains  unaltered,  the  distance  of  the  string  P  R  from 
the  axis  G  be  increased  or  diminished,  it  will  be  found 
aeeeesarj  to  increase  or  diminish  the  resisting  weight 
W  io  exactly  the  same  proportion.    It  therefore  ap- 
pears that  the  increase  or  diminution  of  the  distance  of 
tfiB  direction  of  a  force  from  the  axis  haB  the  same 
«flbet  upon  its  power  to  give  rotation  as  a  similar  in- 
iBcrease  or  diminution  of  the  force  itself.    The  power 
of  a  force  to  produce  rotation  is,  therefore,  accurately 
eetimated,  not  by  the  force  alone,  but  by  the  product 
Ibimd  by  multiplying  the  force  by  the  distance  of  its 
4ireetion  from  the  axis.    It  is  frequently  necessary  in 
mechanical  science  to  refer  to  this  power  of  a  force, 
aad^  accordingly,  the  product  just  mentioned  hsB  receiv- 
ed a  particular  denomination.    It  is  called  the  moment 
of  the  force  round  the  axis. 

(185.)  The  distance  of  the  direction  of  a  force  from 
the  axis  is  sometimes  called  the  leverage  of  the  force. 
The  moment  of  a  force  is  therefore  found  by  multiply- 
kaig  the  fVuree  by  its  leverage,  and  the  ene^y  of  a  given 
force  to  turn  a  body  round  an  axis  is  proportional  to  the 
leverage  of  that  force. 

From  all  that  has  been  observed  it  may  easily  be  in- 
ferred that,  if  several  forces  affect  a  body  movable  on 
an  axis,  having  tendencies  to  turn  it  in  different  direc- 
tions, they  will  mutually  neutralize  each  other  and  pro- 
chiee  eqmUbrium,  if  the  sum  of  the  momentt  of  those 

i4 
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fbrces  which  tend  to  turn  tlic  body  in  one  tUrection  1m 
equal  U>  tlic  SU11I  of  tlic  iiiontenta  of  tliose  which  tend 
to  turn  it  in  Uiu  oj)j>oHiti:  direction.  Tiiua,  if  the  foicei 
A,  B,  C, . . .  tuud  lo  tiiru  UiD  body  from  right  to  left,  uid 
the  di^tnucox  of  llirir  diroL-tioua  from  the  sjcia  be  a,  t, 
c,..  ■  and  tlie  forced  A',  B',  C,  ■•  •  tend  to  move  it  &<m 
left  to  right,  and  Uic  diatoncea  of  tlieir  directions  from 
the  axis  be  a',  b',  c', . . . ;  tlien  tiicae  forces  will  produce 
equilibrium,  if  tlic  producUi  found  by  multiplying  lli< 
oiincca  in  A,  It,  C, ...  respectively  by  the  inchea  inn,  it 
t,...  when  added  tugctlicr  be  equal  to  tlie  prodneU 
found  by  multiplying  the  ounccii  in  A',B',C',...by 
the  inches  in  a',  i',c', ...  rctipcctively  when  added  to- 
gether. But  if  etUicr  of  these  seta  of  products  when 
added  togetlicr  exceed  Lliu  otlicr,  tlie  corresponding  nt 
of  forces  will  prevail,  and  the  boily  will  revolve  on  iti 


(18G.)  When  a  body  receives  an  impulse  in  a  direc- 
tion perpendicular  lo  tlie  axie,  but  not  crossing  it,  ■ 
uniform  lotitry  niotiun  is  produced.  The  veloci^  of 
this  motion  depends  on  Uie  force  of  the  impulse,  tha 
diatnnce   of  the   direction   of  the 
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vpon  particles  of  the  mass,  at  a  greater  digtance  than 
Ito  i^wn  direction,  under  circumstances  proportionabljr 
disadlWAtageous ;  for  their  resistance  to  the  applied 
force  IB  f  reat  in  proportion  to  their  distances  from  the 


Let  C  D,  Jig.  73.,  be  a  section  of  the  body  by  a  plane 
p^iMiny  through  the  axis  A  B.  Suppose  the  impulse  to 
be  api^ed  at  P,  perpendicular  to  this  plane,  and  at  the 
distance  P  O  from  the  axis.  The  effect  of  the  impulse 
being  distributed  through  the  mass  will  cause  the  body 
to  revolve  on  A  B  with  a  uniform  velocity.  There  is  a 
certain  point  G,  at  which,  if  the  whole  mass  were  con- 
eoitrated,  it  would  receive  from  the  impulse  tlie  same 
velocity  round  the  axis.  The  distance  O  6  is  called  the 
radhu  of  gyration  of  the  axis  A  B,  and  the  point  G  is 
called  the  centre  of  gyration  relatively  to  that  axis. 
The  effect  of  the  impulse  upon  tlie  mass  concentrated 
at  G  is  groat  in  exactly  the  same  proportion  as  O  G  is 
amalL  This  easily  follows  from  the  property  of  mo- 
ments which  has  been  already  explained  ;  from  whence 
it  may  be  inferred,  that  the  greater  the  radius  of  gyrar 
ticm  is,  the  less  will  be  the  velocity  which  the  body  will 
receive  from  a  given  impulse. 

(187.)  Since  the  radius  of  gyration  depends  on  the 
manner  in  which  the  mass  is  arranged  round  the  axis,  it 
follows  that  for  different  axes  in  the  same  body  there 
will  be  different  radii  of  gyration.  Of  all  axes  taken 
in  the  same  body  parallel  to  each  other,  that  which 
passes  through  the  centre  of  gravity  has  the  least  radi- 
us of  gyration.  If  the  radius  of  gyration  of  any  axis 
passing  through  the  centre  of  gravity  be  given,  that  of 
any  parallel  axis  can  be  found ;  for  the  square  of  the 
radius  of  gyration  of  any  axis  is  equal  to  the  square  of 
the  distance  of  tliat  axis  from  the  centre  of  gravity  ad* 
ded  to  the  square  of  the  radius  of  gyration  of  the  par- 
allel axis  through  the  centre  of  gravity. 
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{18S.)  The  product  of  the  numeTieal  e 
th«  inua  of  the  body  uid  the  square  of  the  radina  <tf 
^ntion  IB  H.  qunntitf  much  axed  in  mechanical  acieuny 
and  has  been  called  the  moment  of  tnertio.  The  mo- 
mentB  of  inertia,  therefore,  for  different  axes  in  tha 
wme  body  are  proportional  to  the  squares  of  the  corre- 
tpoDdinp  radii  of  ^ration ;  and  consequently  increMO 
■a  the  diataaces  of  the  axes  from  the  centre  of  gTavitf 
increase.  (187.) 

(189.)  From  what  baa  been  explained  in  (187.),  it 
fitBowa,  that  the  moment  of  inertia  of  any  axis  may  be 
compvted  by  common  arithmetic,  if  the  moment  of  ia- 
ertia  of  a  parallel  axis  through  the  centre  of  gravity  be 
pteriouBly  known.  To  determine  this  last,  howerer^ 
would  require  analytical  procueacB  altofrether  uiunitajle 
to  the  nature  and  objecU  of  tJie  present  treatiae. 

The  velocity  of  rotation  wliicb  a  body  receivea  from 
a  given  impulse  ia  gprcat  in  exactly  the  same  praportion 
as  the  moment  of  inertia  is  small.  Thue  the  moment 
of  inerlia  may  be  considered  in  rotatory  motion  analo- 
crous  to  the  maPB  of  the  body  in  rectilinear  motion. 

From  what  haa  been    explained  in  (187-1  it   followa 
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the  others.  It  is  a  remarkable  circumstance,  that  what- 
ever be  the  nature  of  the  body,  whatever  be  its  shape, 
and  whatever  be  the  position  of  the  point  assumed, 
these  two  axes  of  greatest  and  least  moment  will  al- 
ways be  at  right  angles  to  each  other. 

These  axes  and  a  third  through  the  same  point,  and 
at  right  angles  to  both  of  them,  are  called  the  principal 
met  of  that  point  from  which  they  diverge.  To  form  a 
distiiict  notion  of  their  relative  position,  let  the  axis  of 
greatest  moment  be  imagined  to  lie  horizontally  from 
north  to  south,  and  the  axis  of  least  moment  from  east 
to  west ;  then  the  third  principal  axis  will  be  presented 
perpendicularly  upwards  and  downwards.  The  first 
two  being  called  the  principal  axes  of  greatest  and 
least  moment,  the  third  may  be  called  the  intermediate 
principal  axis, 

(191.)  Although  the  moments  of  the  three  principal 
axes  be  in  general  unequal,  yet  bodies  may  be  found 
having  certain  axes  for  which  these  moments  may  be 
eqnal.  In  some  cases  the  moment  of  the  intermediate 
axis  18  equal  to  that  of  tlic  principal  axis  of  great- 
est moment :  in  others  is  is  equal  to  that  of  tlie  princi- 
pal axis  of  least  moment,  and  in  others  the  moments  of 
ill  the  three  principal  axes  are  equal  to  each  other. 

If  the  moments  of  any  two  of  three  principal  axes  be 
equal,  the  moments  of  all  axes  through  the  same  point 
and  in  their  plane  will  also  be  equal ;  and  if  the  mo- 
ments of  the  three  principal  axes  through  a  point  be 
equal,  the  moments  of  all  axes  whatever,  through  the 
same  point,  will  be  equal. 

(192.)  If  the  moments  of  the  principal  axes  through 
the  centre  of  gravity  be  known,  the  moments  for  all 
other  axes  through  that  point  may  be  easily  computed. 
To  effect  this  it  is  only  necessary  to  multiply  the  mo- 
ments of  the  principal  axes  by  the  squares  of  the  co-* 
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sinea  of  the  ajigles  formed  by  them  respectively  witli 
the  uds  whose  moment  is  eought.  The  products  being 
added  together  will  give  tlic  required  momenL 

(193.)  By  combining  this  result  with  that  of  (189.),it 
will  be  evident  that  the  moment  of  all  axes  whatever 
may  be  detennined,  if  those  of  the  principal  axes 
through  the  centre  of  gravity  be  knowU' 

(194.)  It  isobviouathat  the  principal  axis  of  leaat  mo- 
ment through  the  centre  of  gravity  has  a  less  moment 
of  inertia  than  any  otlier  axis  whatever.  For  it  has,  by 
its  definition  (190.),  a  less  moment  of  inertia  than  any 
other  axis  through  the  centre  of  gravity,  and  every  other 
axis  through  the  centre  of  gravity  has  a  less  moment  of 
inertia  than  a  parallel  axis  through  any  other  pdst 
(187.)  and  (189.) 

(195.)  If  two  of  the  principal  axej  through  the  cen- 
tre of  gravity  have  equal  moments  of  inertia,  all  axe* 
in  any  plane  parallel  to  the  plane  of  these  azos,  and 
passing  through  tlie  point  where  a  perpendiciilai  &tm 
the  centre  of  gravity  meele  that  phine,  must  have  equal 
Is  of  inertia.    For  by  (191.)  all  axes  in  the  plan* 
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tat  if  the  principal  axis  of  least  moment  and  the  inter- 
mediate principal  axis  through  the  cent^  of  grayity 
have  eqoal  moments,  then  there  will  be  two  points  on 
the  principal  axis  of  greatest  moment,  equally  distant 
at  opponte  sides  of  the  centre  of  gravity,  at  which  all 
axes  will  have  equal  moments.  If  the  three  principal 
axes  through  the  centre  of  gravity  have  equal  moments, 
BO  other  point  of  the  body  can  have  principal  axes  of 
equal  moment. 

(197.)  When  a  body  revolves  on  a  fixed  axis,  the 
parts  of  its  mass  are  whirled  in  circles  round  the  axis ; 
and  since  they  move  with  a  common  angular  velocity 
they  will  have  centrifugal  forces  proportional  to  their 
distances  from  the  axis.  If  the  component  parts  of  the 
mas  were  not  united  together  by  cohesive  forces  of 
energies  greater  than  these  centrifugal  forces,  they 
wonld  be  separated,  and  would  fly  off  from  the  axis ; 
bat  their  cohesion  prevents  this,  and  causes  the  efl^cts 
of  the  different  centrifugal  forces,  which  affect  the 
difierent  parts  of  the  mass,  to  be  transmitted  so  as  to 
Bodify  each  other,  and  finally  to  produce  one  or  more 
luces  Hiechanically  equivalent  to  the  whole,  and  which 
ire  exerted  upon  the  axis  and  resisted  by  it.  We  pro- 
pose now  to  explain  these  effects,  as  far  as  it  is  possible 
to  render  them  intelligible  without  the  aid  of  mathe- 
Qatical  language. 

It  is  obvious  that  any  number  of  equal  parts  of  the 
mass,  which  are  uniformly  arranged  in  a  circle  round 
the  axis,  have  equal  centrifugal  forces  acting  fh>m  the 
sentre  of  the  circle  in  every  direction.  These  mutually 
aeutralize  each  other,  and  therefore  exert  no  force  on 
:he  axis.  The  same  may  be  said  of  all  parts  of  the 
nass  which  are  regularly  and  equally  distributed  on 
BTcry  side  of  the  axis. 


AIM  if  viaal  muaea  be  pUced  tX  equal  dutaocM 
oppcMite  aidea  of  tbe  uu,  their  centrifUgal  fiwcM  « 
dflstittjr  «uih  other.  Hence  it  appeua  that  the  pti 
WiM  which  the  axis  of  rotation  auitaiiu  from  th«  el 
farifugal  forces  of  the  revolviii|f  mass,  ariaea  ftom  1 
nneqoal  diatiibution  of  the  matter  around  it. 

From  thia  reaaoning  it  will  be  eaailjr  perceived  ll 
in  tbe  following  ezunplea  the  azia  of  rotation  will  ■ 
tain  no  preaaure. 

A  globe  revolving  on  any  of  its  diametan,  Qie  dei 
tjr  being  the  aaine  at  equal  diatancee  fram  tbe  centre 

A  tpheroid  lot  a  cylinder  revolving  on  ita  axia, 
denaity  being  equal  at  equal  diatancet  from  the  azia. 

A  cube  revolving  on  an  axia  which  paaaes  thm 
tbe  centre    of  two  opposite  baaea,  being  of  nnifi 

A  circuUt  plate  of  DDiform  thickneae  and  den 
revolving  on-one  of  ita  diametera  as  an  axis. 

(198.)  In  all  theae  axamplea  it  will  be  obaerved  1 
the  azia  of  rotation  passes  through  the  centre  of  gr 
ty.    The  general  theorem,  of  which  they  are  only  ] 
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were  a  fixed  axia,  the  earth  would  revolve  on  it  without 
producing  pressure. 

If  the  three  principal  axes  through  the  centre  of  grav- 
ity have  equal  moments,  all  axes  through  the  centre  of 
gravity  are  to  he  considered  as  principal  axes.  In  this 
case  the  body  would  revolve  without  pressure  on  any 
axis  through  the  centre  of  gravity. 

A  globe,  in  which  the  density  of  the  mass  at  equal 
distances  from  the  centre  is  the  same,  is  on  example  of 
this.  Such  a  body  would  revolve  without  pressure  on 
any  axis  through  its  centre. 

(199.)  Since  no  pressure  is  excited  on  the  axes  in 
these  cases,  the  state  of  the  body  will  not  be  changed, 
if  during  its  rotation  the  axis  cease  to  be  fixed.  The 
body  will  notwithstanding  continue  to  revolve  round  the 
axis,  and  the  axis  will  maintain  its  position. 

Thus  a  spinning-top  of  homogeneous  material  and 
symmetrical  form  will  revolve  steadily  in  the  same 
position,  until  the  friction  of  its  point  with  the  surface 
on  which  it  rests  deprives  it  of  motion.  This  is  a  phe- 
nomenon which  can  only  be  exhibited  when  the  axis 
of  rotation  is  a  principal  axis  through  the  centre  of 
gravity. 

(200.)  If  the  body  revolve  round  any  axis  through 
the  centre  of  gravity,  which  is  not  a  principal  axis,  the 
centrifugal  pressure  is  represented  by  two  forces, 
which  are  equal  and  parallel,  but  which  act  in  opposite 
directions  on  different  points  of  the  axis.  The  effect  of 
these  forces  is  to  produce  a  strain  upon  the  axis,  and 
give  the  body  a  tendency  to  move  round  another  axis 
at  right  angles  to  the  former. 

(201.)  If  the  fixed  axis  on  which  a  body  revolves 
be  a  principal  axis  through  any  point  different  from  the 
centre  of  gravity,  then  a  pressure  will  be  produced  by 
the  centrifugal  force  of  the  revolving  mass,  and  this 
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AlflO  if  equal  muBea  \>e  placed  at  equal  distanCMtt    I 
oppooile  sides  of  tbe  axis,  their  ceDtrifiigal  forces  i«ffl    1 
destroy  «Bch  other.      Hence  it  appears  that  the  pree- 
■ure  which  the  axis  of  rotation  sustains  from  tlie  cen- 
trifugal forces  of  the  revolving  mass,  arises  trom  Ihi 
unequal  distribution  of  the  matter  sround  iL 

From  this  reasoning  it  will  be  easily  perceived  tb&t 
in  tbe  following  examples  the  axis  of  rotation  wDl  sua- 
tain  DO  press  Lire. 

A  globe  revolving  on  any  of  its  diameters,  the  densi- 
ty  being  the  same  at  equal  distances  from  the  centre. 

A  spheroid  ai  a  cylinder  revolving  on  its  ajcis,  the 
density  being  equal  at  equal  distances  from  the  axis. 

A  cube  revolving  on  an  axis  which  passes  through 
the  centre  of  two  opposite  bases,  being'  of  uniibnn 
density. 

A  circular  pkte  of  uniform  thicknesE  and  denKty 
revolving  ononc  of  its  diameters  as  an  axis. 

(198.)  In  all  tliosc  axaiuples  it  will  be  observed  tbst 
Iho  axis  of  rotation  passes  through  the  centre  of  gravi- 
tf.     The  general  theorem,  of  which  they  are  only  par- 
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were  a  fixed  axia,  the  earth  would  revolve  on  it  without 
producing  pressure. 

If  the  three  principal  axes  through  the  centre  of  grav- 
ity have  equal  moments,  all  axes  Hirough  the  centre  of 
gravity  are  to  be  considered  as  principal  axes.  In  this 
case  the  body  would  revolve  without  pressure  on  any 
axis  through  the  centre  of  gravity. 

A  globe,  in  which  the  density  of  the  mass  at  equal 
distances  from  the  centre  is  the  same,  is  an  example  of 
this.  Such  a  body  would  revdve  without  pressure  on 
any  ax'is  through  its  centre. 

(199.)  Since  no  pressure  is  excited  on  the  axes  in 
these  cases,  the  state  of  the  body  will  not  be  changed, 
if  during  its  rotation  the  axis  cease  to  be  fixed.  The 
body  will  notwithstanding  continue  to  revolve  round  the 
axis,  and  the  axis  will  maintain  its  position. 

Thus  a  spinning-top  of  homogeneous  material  and 
symmetrical  form  will  revolve  steadily  in  the  same 
position,  until  the  friction  of  its  point  with  the  surface 
OB  which  it  rests  deprives  it  of  motion.  This  is  a  phe- 
nomenon which  can  only  be  exhibited  when  the  axis 
of  rotation  is  a  principal  axis  through  the  centre  of 
gravity. 

(200.)  If  the  body  revolve  round  any  axis  through 
the  centre  of  gravity,  which  lb  not  a  principal  axis,  the 
centrifugal  pressure  is  represented  by  two  forces, 
which  are  equal  and  parallel,  but  which  act  in  opposite 
directions  on  different  points  of  the  axis.  The  effect  of 
these  forces  is  to  produce  a  strain  upon  the  axis,  and 
give  the  body  a  tendency  to  move  round  another  axis 
at  right  angles  to  the  former. 

(201.)  If  the  fixed  axis  on  which  a  body  revolves 
be  a  principal  axis  through  any  point  different  from  the 
centre  of  gravity,  then  a  pressure  will  be  produced  by 
th«  centrifugal  force  of  the  revolving  mass,  and  this 
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Also  if  eqiul  msMM  be  [dued  at  equal  distoncM  oa 
(qiponte  aidM  of  the  axia,  their  ceatrituga]  forcea  will 
deatny  «i«li  other.  Hence  it  appears  that  the  prw- 
■ure  which  the  axia  of  rotation  suHtains  from  the  cen~ 
trifiigal  forces  of  the  revolving  mass,  ariseB  from  the 
tmeqiul  diBbibution  of  the  matter  around  it 

From  thi*  reasoning  it  will  he  easily  perceived  that 
in  the  fbllowing  examples  the  axis  of  rotaiian  will  nis- 
tain  no  pressure. 

A  globe  revolving  on  any  of  its  diameters,  the  dend- 
^  being  the  same  at  equal  distances  from  the  centra. 

A  . Ceroid  «r  a  cylinder  revolving  on  its  axis,  the 
density  being  equal  at  equal  distances  from  the  axis. 

A  cube  revolving  on  an  axis  which  passes  through 
Ihe  centre    of  two  opposite  bases,  being  of  nnifitrm 

A  circular  plate  of  uniform  thickness  and  denai^ 
revolving  onone  of  its  diameters  as  an  axis, 

(196.)  In  sll  these  examples  it  will  be  observed  that 
the  axis  of  rotation  passes  through  the  centre  of  gravi- 
The  general  theorem,  of  which  they  are  onlj  par- 
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were  a  fixed  axis,  the  earth  would  revolve  on  it  without 
producing  pressure. 

If  the  three  principal  axes  through  the  centre  of  grav- 
ity have  equal  moments,  all  axes  through  the  centre  of 
gravity  are  to  be  considered  as  principal  axes.  In  this 
case  the  body  would  revolve  without  pressure  on  any 
axis  through  the  centre  of  gravity. 

A  globe,  in  which  the  density  of  the  mass  at  equal 
distances  from  the  centre  is  the  same,  is  an  example  of 
this.  Such  a  body  would  revolve  without  pressure  om 
any  axis  through  its  centre. 

(199.)  Since  no  pressure  is  excited  on  the  axes  in 
these  cases,  the  state  of  the  body  will  not  be  changed, 
if  during  its  rotation  the  axis  cease  to  be  fixed.  The 
body  will  notwithstanding  continue  to  revolve  round  the 
ax]0y  and  the  axis  will  maintain  its  position. 

Thus  a  spinning-top  of  homogeneous  material  and 
symmetrical  form  will  revolve  steadily  in  the  same 
position,  until  the  friction  of  its  point  with  the  surface 
on  which  it  rests  deprives  it  of  motion.  This  is  a  phe- 
nomenon which  can  only  be  exhibited  when  the  axis 
of  rotation  is  a  principal  axis  through  the  centre  of 
gravity. 

(200.)  If  the  body  revolve  round  any  axis  through 
the  centre  of  gravity,  which  is  not  a  principal  axis,  the 
centrifugal  pressure  is  represented  by  two  forces, 
I  which  are  equal  and  parallel,  but  which  act  in  opposite 
directions  on  different  points  of  the  axis.  The  effect  of 
these  forces  is  to  produce  a  strain  upon  the  axis,  and 
give  the  body  a  tendency  to  move  round  another  axis 
at  right  angles  to  the  former. 

(201.)  If  the  fixed  axis  on  which  a  body  revolves 
be  a  principal  axis  through  any  point  different  from  the 
centre  of  gravity,  then  a  pressure  will  be  produced  by 
the  centrifugal  force  of  the  revolving  mass,  and  this 
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111  iiMiii  n  will  met  at  rig'ht  anglM  to  the  aziB  on  the  pant 
towhich  it  is  a  principal  axis,  and  in  the  plane  throng 
thkt  axia  and  the  centre  of  gravity.  The  ■"»"■"*  of 
the  preBBUie  will  be  proportionaJ  to  the  mass  cf  te 
body,  the  diatance  of  the  centre  of  gravi^  fi«m  tlil_ 
axis,  and  the  square  of  the  velocity  of  rotatiom. 

(3U2.)  Since  tlic  whole  preosure  ia  in  thia  cue  ei- 
citod  00  a  aingle  point,  the  atability  of  the  axia  wiUiiDt 
be  disturbed,  provided  that  point  alone  be  fixed.  Bo 
that  even  though  the  axia  ahould  be  free  to  turn  on  that 
point,  no  motion  will  ensue  as  long  bs  no  eztenil 
forces  act  upon  the  body. 

(303.)  If  the  axis  of  rotation  be  not  a  principal  ini^ 
the  centrifugal  forces  will  produce  an  effect  wliksh  oib- 
DOt  be  represented  by  a  single  force.  The  efiect  maybe 
nnderatood  by  conceiving  two  forces  to  act  on  d^girat 
poinb  of  the  axia  at  right  angles  to  it  and  to  each  otbar. 
The  quantities  of  these  pressures  and  their  directiom 
depend  on  the  iigure  Hud  density  of  the  mass  and  the 
position  of  the  axis,  in  a.  manner  which  cannot  be  ei-  j 
plained  without  the  aid  of  mathematical  language  and  ' 
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'Bf  Ike  rales  for  the  composition  of  force  it  is  poB- 
■Oils  in'  all  cases  to  resolve  the  impressed  forces  into 
olhets  which  are  either  in  planes  through  the  axis,  or 
in  planes  perpendicular  to  it,  or,  finally,  some  in  planes 
^poogh  it,  and  others  in  planes  perpendicular  to  it. 
Tbo  eSsct  of  those  which  are  in  planes  through  the 
azu  j^aa  b^en  already  explained ;  and  we  shall  now 
g**"^"^  oar  attention  to  those  impelling  forces  which 
act  at  right  angles  to  the  axis,  and  which  produce 
motioiL 

It  win  be  sufficient  to  consider  the  effect  of  a  single 
ftree  at  right  angles  to  the  axis ;  for  whatever  be  the 
nnmber  of  forces  which  act  either  simultaneously  or 
successively,  the  effect  of  the  whole  will  be  decided  by 
combining  their  separate  effects.  The  efiect  which  a 
■ngle  force  produces  depends  on  two  circumstances, 
1.  The  position  of  the  axis  with  respect  to  the  figure 
and  mass  of  the  body,  and,  2.  The  quantity  and  direc- 
tion of  the  force  itself. 

In  general  the  shock  which  the  axis  sustains  from  the 
impact  may  be  represented  by  two  impacts  applied  to 
it  at  different  points,  one  parallel  to  the  impressed 
force,  and  the  other  perpendicular  to  it,  but  both  perpen- 
dicolar  to  the  axis.  There  are  certain  circumstances, 
however,  under  which  this  effect  will- be  modified. 

If  the  impulse  which  the  body  receives  be  in  a  direc- 
tion perpendicular  to  a  plane  through  the  axis  and  the 
centre  of  gravity,  and  at  a  distance  from  the  axis  which 
bears  to  the  radius  of  gyration  (186.)  the  same  propor- 
tion as  that  line  bears  to  the  distance  of  the  centre  of 
gravity  from  the  axis,  there  are  certain  cases  in  whicli 
the  impulse  will  produce  no  percussion.  To  character- 
ize these  cases  generally  would  require  analytical 
fbrmulfB  which  cannot  conveniently  be  translated  into 
ardinary  language.    That  point  of  the  plane,  however, 

k 
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where  the  direcUcA  of  the  impressed  fowe  luseta  it 
when  no  petcusaion  on  the  axis  is  produced,  is  ciUw 
the  centrt  of  pr.rcusswn. 

If  the  axis  of  rotation  be  a  principal  axis,  the  centl) 
of  percussion  must  be  in  the  right  line  drawn  throaght&t 
centre  of  gravity,  intersecting'  the  axis  at  right  aagla 
and  at  the  distance  from  the  axis  already  explained. 

If  the  axis  of  rotation  be  parallel  to  a  principal  oiii 
fhrouuh  the  centre  of  gravity,  the  centre  of  percustki 
will  be  determined  in  the  aomc  manner. 

(305.]  There  are  many  posltiona  which  the  axis  mj 
have  in  which  there  will  be  no  centre  of  percussioD  : 
that  ia,  there  will  be  no  direction  in  which  on  impube 
could  be  applied  without  producing  a  eliock  upon  Ibe 
axis.  Ono  of  these  positions  is  when  it  is  a  princi- 
pal axis  through  tlio  centre  of  gravity.  This  ii  (lie 
only  case  of  rotation  round  an  axis  in  which  no  effect 
arises  from  the  centrifugal  force ;  and  therefore  it  (bl- 
lowa  that  tlie  only  case  in  which  the  axis  austaint  so 
efiect  from  the  motion  produced,  is  one  in  which  it  mint 
necessarily  aufiei  an  effect  from  diat  which  produces 


?ill  r^mai^  in  permanent  equilibriam  only  when  the 
^ntre  of  gravity  is  immediately  below  the  axis.  If 
}}aa  point  be  placed  in  any  other  situation,  the  body  will 
)0cillate  from  side  to  side,  until  the  atmospherical  resist- 
ygpe  and  the  friction  of  the  axis  destroy  its  motion. 
1^  160.)  Such  a  body  is  called  a  pendulum.  The 
iwinging  motion  which  it  receives  is  called  osctUaiion 
vf  vihreUion, 

(SQ7.]  The  use  of  the  pendulum,  x^ot  only  for  philo- 
sophical purposes,  Vut  in  the  ordinary  economy  of  life, 
•qqdera  it  a  subject  of  considerable  importance.  If 
iiirniahes  the  most  exact  means  of  measuring  tipae,  an4 
)f  determining  with  precision  various  natural  phenom- 
esfu  By  its  means  the  variation  of  the  force  of  gravity 
'^  different  latitudes  is  discovered,  and  tii^  la^  of  that 
7|^tio^  e^^perimentally  exhibited.  In  the  present 
etl^fkl^F,  we  propose  to  expl^n  the  general  principles 
V)^)i  regulate  the  oscillation  of  pendulums.  Minute 
AfltiMl^  concerning  their  construction  will  he  given  in 
the  twenty-first  chapter  of  this  volume 

(206.)  A  simple  pendulum  is  composed  of  a  heavy 
!|ioleci|le  attached  to  the  end  of  a  flexible  thread,  and  sus- 
O^pded  by  a  fixed  point  Q,^.  73.  When  the  pendulum 
is  placed  in  the  position  Q  C,  the  molecule  being  verti- 
cally below  the  point  of  suspension,  it  will  remain  in 
equilibrium  ;  but  if  it  he  drawn  into  the  position  O  A 
ind  there  liberated,  it  will  descend  towards  C,  moving 
ihropgh  the  arc  A  C  with  accelerated  motion.  Having 
irrived  at  C  and  acquired  a  certain  velocity,  it  will,  by 
'eason  of  its  inertia,  continue  to  move  in  the  same  di- 
rection. It  will  therefore  commence  to  ascend  the  arc 
IJ  A'  with  the  velocity  so  acquired.  During  its  ascent, 
he  weight  of  the  molecule  retards  its  motion  in  exact- 
y  the  same  manner  as  it  had  accelerated  it  in  descend- 
Qg  from  A  to  C  ;  and  when  the  molecule  has  ascended 
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through  the  uc  C  A'  aqnal  to  C  A,  ita  entire  veloci^ 
will  be  deatroTed,  snd  it  will  cease  to  more  in  that  di- 
roction.  It  will  thus  be  placed  at  A'  in  the  same  nun- 
oer  as  in  the  firet  instance  it  had  been  placed  at  A,  and 
conacquently  it  will  descend  from  A'  to  C  with  aecel^ 
rated  motion,  in  the  same  manner  as  it  firet  moved  fram 
A  to  C.  It  will  then  ascend  from  C  to  A,  and  bo  do, 
continually.  In  thia  case  the  thread,  by  which  the 
molecule  ia  suspended,  is  supposed  to  be  perfectlj 
flexible,  ineztenaible,  and  of  inconsiderable  weigliL 
The  point  of  auapension  is  supposed  to  be  without  fric- 
tion, and  the  atmosphere  to  offer  no  resistance  to  the 

It   is   evident  from  what  has   been   stated,  that  tba 
times  of  moving  from  A  to  A'  and  from  A'  to  A  i»     I 
equal,  and  will  continue  to  be  equal  so  long  as  the  peih 
dulum  continues  to  vibrate.    If  the  number  of  vibn-    j 

tioM  perfonned  by  t^e  pendulum  were  rcgisterec!,  wrf 

)    of  each    vibration    known,    Ihis   inatnuneiil 

would  become  a  chronometer. 

The  rate  at  which  the  motion  of  the  pendulum 
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ally  diminishes  from  A  to  C,  where  it  altogether  vanish- 
es. The  same  observations  will  be  applicable  to  the 
retarding  force  from  C  to  A',  and  to  the  accelerating 
force  from  A'  to  C,  and  so  on. 

When  the  length  of  the  thread  and  the  intensity  of 
the  force  of  gravity  are  given,  the  time  of  vibration 
depends  on  the  length  of  the  arc  A  C,  or  on  the  mag- 
mtade  of  the  angle  A  O  C.  If,  however,  this  angle  do 
not  exceed  a  certain  limit  of  magnitude,  the  time  of 
vibration  will  be  subject  to  no  sensible  variation,  how- 
ever that  angle  may  vary.  Thus  the  time  of  oscillation 
wiU  be  the  same,  whether  the  angle  A  O  C  be  2^,  or  lo 
30',  or  lo,  or  any  lesser  magnitude.  This  property  of  a 
pendulum  is  expressed  by  the  word  isochronism.  The 
strict  demonstration  of  this  property  depends  on  mathe- 
matical principles,  the  details  of  which  would  not  be 
mutable  to  the  present  treatise.  It  is  not  difficult,  how- 
ever, to  explain  generally  how  it  happens  that  the  same 
pendulum  will  swing  through  greater  and  smaller  arcs 
of  vibration  in  the  same  time.  If  it  swing  from  A, 
the  force  of  gravity  at  the  commencement  of  its  motion 
impels  it  with  an  effect  depending  on  the  obliquity  of 
the  lines  O  A  and  A  V.  If  it  commence  its  motion 
from  a,  the  impelling  effect  from  the  force  of  gravity 
will  be  considerably  less  than  at  A  ;  consequently,  the 
pendulum  begins  to  move  at  a  slower  rate,  when  it 
swings  from  a  than  when  it  moves  from  A :  the  greater 
magnitude  of  the  swing  is  therefore  compensated  by 
the  increased  velocity,  so  that  the  greater  and  the 
smaller  arcs  of  vibration  are  moved  through  in  the 
same  time. 

(209.)  To  establish  this  property  experimentally,  it  is 
only  necessary  to  suspend  a  small  ball  of  metal,  or  oth- 
er heavy  substance,  by  a  flexible  thread,  and  to  put  it 
in    a    state  of  vibration,  the  entire  arc   of  vibration 
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not  exceeding' 4°  or  8°)  the  friction  on  the  pcnnt  of  n*- 
iwnaion  and  otber  ceuaaa  will  gTadually  diminish  the 
ue  of  Tibmtion,  so  that  after  the  lapse  of  some  honra  it 
will  be  so  small,  that  the  motion  will  scarcelj  be  dj»- 
oemed  without  micmacopic  aid.  If  the  vibration  of 
this  pendulum  be  observed  in  reference  to  a  correct 
timekeeper,  at  the  commencement,  at  the  middle,  and 
towards  the  end  of  its  motion,  the  rate  will  be  fonnd  to 
saBbr  no  sensible  change. 

This  remarkable  law  of  isochronism  was  one  of  tfae 
earliest  discoTeriea  of  Galileo.  It  ia  said,  that  when 
very  young,  be  observed  a  chandelier  suspended  ftoni 
die  roof  of  a  church  in  Pisa  swinging  with  a  pendolous 
motion,  and  waa  Btruck  with  the  uniformity  of  the  rale 
even  when  the  extent  of  the  swing  was  subject  to  evi- 

(310.)  It  has  been  stated  in  (117.)  that  the  attnution 
of  gravity  affects  all  bodies  equally,  and  move*  then 
^th  the  same  velocity,  whatever  be  the  nature  or  qnu- 

tity  of  the  materials    of  which  they  i 
Since  it  ia  the  force  of  gravity  which  o 
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The  first  and  most  striking  oTtheae  circmnstonces  is 
the  length  of  the  suspending  thread.  The  rudest  ex- 
periments will  demonstrate  the  fact,  that  every  increase 
in  the  length  of  this  thread  will  produce  a  correspond- 
ing increase  in  the  time  of  vibration ;  but  according  to 
what  law  does  this  increase  proceed  ?  If  the  length  of 
the  thread  be  doubled  or  trebled,  will  the  time  of  vibra- 
tion also  be  increased  in  a  double  or  treble  proportion  ? 
Thii  problem  is  capable  of  exact  mathematical  solution, 
■od  the  result  shows  that  the  time  of  vibration  increas- 
es not  in  the  proportion  of  the  increased  length  of  the 
thread,  but  as  the  square  root  of  that  length ;  that  is  to 
■ay,  if  the  length  of  the  thread  be  increased  in  a  four- 
fold proportion,  the  time  of  vibration  will  be  augmented 
in  a  two-fold  proportion.  If  the  thread  be  increased  to 
nine  times  its  length,  the  time  of  vibration  will  be  treb- 
ledy  loid  so  on.  This  relation  is  exactly  the  same  as 
that  which  was  proved  to  subsist  between  the  spaces 
finoagh  which  a  body  falls  freely,  and  the  times  of  fall* 
In  the  table,  page  89,  if  the  figures  representing  the 
height  be  understood  to  express  the  length  of  different 
pendulums,  the  figures  immediately  above  them  will 
express  the  corresponding  times  of  vibration. 

This  law  of  the  proportion  of  the  1  engths  of  pendu- 
lums to  the  squares  of  the  time  of  vibration  may  be  ex- 
perimentally established  in  the  following  manner :  — 

Let  A,  B,  C,  fig.  74 ,  be  three  small  pieces  of  metal 
each  attached  by  threads  to  two  points  of  suspension, 
and  let  them  be  placed  in  the  same  vertical  line  under 
the  point  O ;  suppose  them  so  adjusted  that  the  distan- 
ces O  A,  O  B,  and  O  C  shall  be  in  the  proportion  of  the 
numbers  1,  4,  and  9.  Let  them  be  removed  from  the 
vertical  in  a  direction  at  right  angles  to  the  plane  of  the 
paper,  so  that  the  threads  shall  be  in  the  same  plane, 
and  therefore  the  three  pendulums  will  have  the  same 
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uiglo  of  Tibration.  Being  now  libentted,  the  pendu- 
lum A  will  iiDmedistelf  g&in  upon  B,  and  B  upon  C,  u 
that  A  will  have  completed  one  vibration  before  B  or  C, 
At  the  end  of  the  f«cond  vibration  of  A,  the  peudnlnm 
B  will  have  arrived  at  the  end  of  its  first  vibration,  m 
that  the  Buspending  threads  of  A  and  B  will  then  be 
BCpBjated  by  the  whole  angle  of  vibration ;  at  tlie  and 
of  the  fourth  vibration  of  A  Ihe  suspending  tbreadi  of 
A  and  B  will  return  to  their  first  position,  B  having 
completed  two  vibrations ;  thus  the  proportion  of  t)w 
times  of  vibration  of  B  and  A  will  he  3  to  1,  the  pro- 
pQTtioQ  of  their  leagtiis  being  4  to  1.  At  the  end  of 
the  third  vibration  of  A,  C  will  have  completed  one 
vibration,  and  the  suspending  strings  will  coincide  in 
the  poaitioD  distant  by  the  whole  angle  of  vibrUioD 
from  their  first  position.  So  that  three  vibrations  of  A 
are  performed  in  the  same  time  aa  one  of  C :  the  pro- 
portion of  the  time  of  vibration  of  C  end  A  are,  Ihem- 
fore,  3  to  1,  the  proportion  of  iheir  lengths  being  9to^ 
conformably  to  the  law  already  explained. 

(312.)  In  all  the  preceding  observations  we  have  as- 
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of  Buch  a  body  were  separately  connected  with  the  axis 
of  BOBpension  by  a  fine  thread,  it  would,  if  unconnect- 
ed with  the  other  particles,  be  an  independent  simple 
pendulom,  and  would  oscillate  according  to  the  laws 
already  explained.  It  therefore  follows  that  those  par- 
ticles of  the  body  which  are  nearest  to  the  axis  of  sus- 
peDBion  would,  if  liberated  from  their  connection  with 
the  othen,  vibrate  more  rapidly  than  those  which  are 
mora  remote.  The  connection,  however,  which  the 
ywticles  of  the  body  have,  by  reason  of  their  solidity, 
compels  them  all  to  vibrate  in  the  same  time.  Conse- 
qaently,  those  particles  which  are  nearest  the  axis  are 
tetarded  by  the  slower  motion  of  those  which  are  more 
lemot^  ;  while  the  more  remote  particles,  on  the  other 
hand,  are  urged  forward  by  the  greater  tendency  of  the 
nearer  particles  to  rapid  vibration.  This  will  be  more 
xeadOy  comprehended,  if  we  conceive  two  particles  of 
A  and  B,  Jig.  75-,  to  be  connected  with  the  same 
O  by  an  inflexible  wire  O  C,  the  weight  of  which 
may  be  neglected.  If  B  were  removed,  A  would  vi- 
brate in  a  certain  time  depending  upon  the  distance 
O  A.  If  A  were  removed,  and  B  placed  upon  the  wire 
at  a  distance  B  O  equal  to  four  times  A  O,  B  would  vi- 
brate in  twice  the  former  time.  Now  if  both  be  placed 
on  the  wire  at  the  distances  just  mentioned,  the  tenden- 
cy of  A  to  vibrate  more  rapidly  will  be  transmitted  to 
B  by  means  of  the  wire,  and  will  urge  B  forward  more 
qnickly  than  if  A  were  not  present :  on  the  other  hand, 
the  tendency  of  B  to  vibrate  more  slowly  will  be  trans- 
mitted by  the  wire  to  A,  and  will  cause  it  to  move  more 
slowly  than  if  B  were  not  present.  The  inflexible 
quality  of  the  connecting  wire  will  in  this  case  compel 
A  and  B  to  vibrate  simultaneously,  the  time  of  vibration 
being  greater  than  that  of  A,  and  less  than  that  of  B,  if 
each  vibrated  unconnected  with  the  other. 

M 


173  THK  KLKMBItTS  or  MXBBIHIC*.      GHAV.  ZI. 

If,  imtesd  of  Bupporing  two  puticlea  of  mitter 
[dacod  on  the  wire,  a  gTettei  number  were  auppoaed  to 
be  placed  at  various  distajicea  from  O,  it  ia  avident  tlie 
■ame  leasoniag  would  be  applicable.  They  would  mti- 
tuaJly  aSect  each  other's  motion ;  thoae  placed  naamt 
to  point  O  accelerating  the  motion  of  those  more  re- 
mote, and  being  theoiaelves  retarded  by  the  latter. 
Among  these  particlea  one  would  b»  found  in  wfakh  lU 
these  efibcta  would  be  mutually  neutralized,  all  the  par- 
ticlea  nearer  O  being  retarded  in  reference  to  that  Mo- 
tion which  they  would  have  if  unconnected  with  the 
reat,  and  those  mote  remote  being  in  the  aame  respect 
accelerated.  The  point  at  which  such  a  particle  it 
placed  is  called  the  centre  <^<ucillalion. 

What  hM  been  here  obeerved  of  the  eflfecte  of  par- 
ticloB  of  matter  placed  upon  rigid  wire  will  be  eqaiUf 
apfdicnble  to  tJie  particles  of  a  solid  body.  TboM 
which  MO  netirei  to  the  a^tis  aie  urged  fbrward  bj 
thoao  wliich  are  more  remote,  and  are  in  their  tUf 
retarded  by  Uiem  ;  and  aa  with  the  particles  pluad 
upon  Iho  wire,  there  is  a  certnin  particle  of  the  body  i 


OBAW  ZI.  CSNTAS  Or  OSCILLATIOIT.  173 

of  itfl  centre  of  oscillation  from  the  axis  of  suspension, 
ind  therefore  that  the  times  of  vibration  of  different 
pendulums  are  in  the  same  proportion  as  the  square 
roots  of  the  distances  of  their  centres  of  oscillation  from 
their  axes. 

The  investigation  of  the  position  of  the  centre  of 
oflcillAtion  is,  in  most  cases,  a  subject  of  intricate  math- 
ematical calculation.  It  depends  on  the  magnitude  and 
figure  of  the  pendulous  body,  the  manner  in  which  the 
vait0B  is  distributed  through  its  volume,  or  the  density 
of  its  several  parts,  and  the  position  of  the  axis  on 
which  it  swings. 

The  place  of  the  centre  of  oscillation  may  be  de- 
termined when  the  position  of  the  centre  of  gravity  and 
the  centre  of  gyration  are  known ;  for  the  distance  of 
the  centre  of  oscillation  from  the  axis  will  always  be 
obtained  by  dividing  the  square  of  the  radius  of  gyra^ 
tjf|B  (186.)  by  the  distance  of  the  centre  of  gravity 
fittm  the  axis.  Thus  if  6  be  the  radius  of  gyration,  and 
9,fte  dii[tance  of  gravity  from  the  axis,  36  divided  by 
0|.)frhjch  is  4,  will  be  the  distance  of  the  centre  of  os^ 
icfflation  from  the  axis.  Hence  it  may  be  inferred  gen- 
erally, that  the  greater  the  proportion  which  the  radius 
of  gyration  bears  to  the  distance  of  the  centre  of 
gravity  from  the  axis,  the  greater  will  be  the  distance 
of  the  centre  of  oscillation. 

It  follows  from  this  reasoning,  that  the  length  of  a 
pendulum  is  not  limited  by  the  dimensions  of  its  vol- 
ume. If  the  axis  be  so  placed  that  the  centre  of  grav- 
ity is  near  it,  and  the  centre  of  gyration  comparatively 
removed  from  it,  the  centre  of  oscillation  may  be  placed 
far  beyond  the  limits  of  the  pendulous  body.  Suppose 
the  centre  of  gravity  is  at  a  distance  of  one  inch  from 
the  axis,  and  the  centre  of  gyration  12  inches,  the  cen- 
tre of  psciU^tion  will  then  be  at  the  distance  of  144 
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inches,  or  12  feet.  Sucli  a  pendnlnm  ma;  not  in  iti 
greatest  dimensions  exceed  one  foot,  and  yet  ita  time  of 
vibration  u-ould  be  ci|ual  to  tliut  of  a  simple  pendolaii 
wliodc  lengtli  is  12  feet. 

By  tJieiie  means  peniluluma  of  small  dimeDsions  may 
be  made  to  vibrate  as  slowly  as  may  be  desired.  The 
instruments  called  mttronomtt,  used  for  marking  the 
time  of  musical  perfoiuiancea,  are  constructed  on  this 
piinciplc. 

(214.)  The  centre  of  oscillation  is  disdnguished  }tj  • 
very  rctiierhable  property  in  relation  to  the  axis  of  mh- 
pcnsion.  If  A,^^,  7i>.,  be  the  point  of  auapenaion,  and 
O  tlie  corresponding  centre  of  oscillation,  the  time  of 
vibration  of  the  pendulum  will  not  be  changed  ifitbe 
raised  from  its  support,  inverted,  and  suspended  fiom 
the  point  O.  It  follows,  tiiercforo,  that  if  O  be  taken  u 
the  point  of  suspension,  A  will  be  the  corrresponding 
centre  of  oscillation.  These  two  points  are,  therefore, 
convertible.  This  property  may  be  verified  experii^Bn- 
.  tally  in  the  following  manner.  A  pendulum  being  pi4 
into  a  Btate  of  vibration,  let  a  small  heavy  body  be  aa»- 
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kte  period,  adopted  by  Captun  Kater,  as  an  accurate 
meana  of  deteiminiiigr  the  length  of  a  pendulum. 
Having  aaceitained  with  great  accoracy  two  points  of 
suspension  at  which  the  same  body  will  vibrate  in  the 
same  time,  the  distance  betni-een  these  points  being 
accurately  measured,  is  the  length  of  the  equivalent 
simple  pendulum.    See  Chapter  XXI. 

(910.)  The  manner  in  which  the  time  of  vibration  of 
a  pendulum  depends  on  its  length  being  explained,  we 
are  neat  to  consider  how  this  time  is  affected  by  the 
attraction  of  gravity.    It  is  obvious  that,  since  the  pen- 
dulum is  moved  by  this  attraction,  the  rapidity  of  its 
motion  will  be  increased,  if  the  impelling  force  receives 
any  augmentation ;  but  it  still  is  to  be  decided,  in  what 
exact  proportion  the  time  of  oscillation  will  be  dimin- 
ished by  any  proposed  increase  in  the  intensity  of  the 
earth's  attraction.    It  can  be  demonstrated  mathemati- 
cally, that  the  time  of  one  vibration  of  a  pendulum  has 
the  same  proportion  to  the  time  of  falling  freely  in  the 
pei^ndicular  direction,  tlirough  a  height  equal  to  half 
tbe  length  of  the  pendulum,  as  the  circumference  of  a 
circle  has  to  its  diameter.     Since,  therefore,  the  times 
of  vibration  of  pendulums  are  in  a  fixed  proportion  to 
the  times  of  falling  freely  through  spaces  equal  to  the 
halves  of  their  lengths,  it  follows  that  these  times  have 
the  same  relation  to  the  force  of  attraction  as  tlie  times 
of  falling  freely  through  their    lengths  have   to  that 
force.     If  the  intensity  of  the  force  of  gravity  were  in- 
creased in  a  four-fold  proportion,  the  time  of  falling 
through  a  given  height  would  be  diminished  in  a  two- 
fold proportion ;   if  the  intensity  were  increased  to  a 
nine-fold  proportion,  tlie  time  of  falling  through  a  given 
space  would  be  diminished  in  a  three-fold  proportion, 
and  so  on ;    the  rate  of  diminution  of  the  time  being 
always  as  the  square  root  of  the  increased  force.    By 
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what  has  been  joat  stated  this  law  will  bIho  be  applica- 
ble to  the  vibration  of  pendulums.  Any  incroua  in 
the  intensity  of  the  force  of  gravity  would  cause  a  giv- 
en penduliun  to  vibrate  more  rapidly,  and  the  increaaed 
rapidity  of  the  vibration  would  be  in  the  same  propor- 
tion as  the  square  root  of  the  increaaed  intensity  of  the 
force  of  gravity. 

(317.)  The  laws  which  regulate  the  times  of  vibra- 
tion of  penduluniB  in  relation  to  one  another  being  wdl 
understood,  the  whole  theory  of  these  instruments  will 
be  completed,  when  the  method  of  ascertaining  ths 
actual  time  of  vibration  of  any  pendulum,  in  reference 
to  its  length,  has  been  explained.  Tn  such  an  inveati- 
gation,  the  two  elementa  to  be  determined  ara,  1.  tha 
exact  time  of  a  single  vibcatioQ,  and,  2.  the  exact  dis- 
tance of  the  centre  of  oscillation  from  the  point  of  aos- 
pension. 

The  former  is  ascertained  by  putting  a  pendnlom  in 
motion  in  the  presence  of  a.  good  chronometer,  and 
observing  precisely  the  number  of  OBCillations  wUeh 
ore  made  in  any  proposed  number  of  hours.     The  en- 
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The  fbnner  is  solved  as  follows :  the  time  of  vibration 
of  the  known  pendulum  is  to  the  time  of  vibration  of 
the  required  pendulmn,  as  the  square  root  of  the 
length  of  the  known  pendulum  is  to  the  square  root  of 
the  length  of  the  required  pendulum.  This  length  is 
therefore  found  by  the  ordinary  rules  of  arithmetic. 

The  latter  may  be  solved  as  follows  :*  the  length  of 
the  known  pendulum  is  to  the  length  of  the  proposed 
penduluniy  as  the  square  of  the  time  of  vibration  of  the 
known  pendulum  is  to  the  square  of  the  time  of  vibra- 
tion of  the  proposed  pendulum.  The  latter  time  may 
therefore  be  found  by  arithmetic. 

(219.)  Since  the  rate  of  a  pendulum  has  a  known  re- 
lation to  the  intensity  of  the  earth's  attraction,  we  are 
enabled,  Jty  this  instrument,  not  only  to  detect  certain 
variations  in  that  attraction  in  various  parts  of  the 
earth,  but  also  to  discover  the  actual  amount  of  the 
tttraction  at  any  given  place. 

The  actual  amount  of  the  earth's  attraction  at  any 
given  place  is  estimated  by  the  height  through  which  a 
body  would  fall  freely  at  that  place  in  any  given  time, 
as  in  one  second.  To  determine  this,  let  the  length 
of  a  pendulum  which  would  vibrate  in  one  second  at 
that  place  be  found.  As  the  circumference  of  a  circle 
is  to  its  diameter  (a  known  proportion),  so  will  one  sec- 
ond be  to  the  time  of  falling  through  a  height  equal  to 
half  the  length  of  this  pendulum.  This  time  is  there- 
fore a  matter  of  arithmetical  calculation.  It  has  been 
proved  in  (120.),  that  the  heights,  through  which  a  body 
falls  freely,  are  in  the  same  proportion  as  the  squares  of 
the  times ;  from  whence  it  follows,  that  the  square  of 
the  time  of  falling  through  a  height  equal  to  half  the 
length  of  the  pendulum  is  to  one  second  as  half  the 
length  of  that  pendulum  is  to  the  height  through 
which  a  body  would  fall  in  one  second.    This  height, 
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therefbie,  xaay  be  umneditdely  computeil,  and  tbua  the 
actual  amount  of  tlio  foice  of  fpravitjr  at  any  given 
place  Qiay  be  ucertainoil. 

(330.)  Tu  coiiiparo  tlic  force  uf  gravity  in  diBeient 
parts  of  the  cartli,  it  is  only  nccesBary  to  Hwinj;  the 
Bamc  peiitluluiD  iu  the  places  under  considcra^on,  and 
to  observe  the  rapidity  of  its  vibrations.  The  propor- 
tton  of  the  force  of  gravity  in  Uie  several  place*  will  be 
that  of  the  squares  of  the  velocity  of  the  vibratido. 
Observations  to  tiiia  eSect  have  boen  made  at  aeverd 
places  by  Biot,  Katcr,  Sabine,  and  others. 

The  carlii  bcin^  a  iiia^  of  iuD.tler  uf  a  forni  aeulf 
spherical,  revolviug  uilL  cooeidcrablo  v^ocity  od  an 
»xie,  iu  coinpooeut  parts  are  affected  by  a  centrifugal 
force  i  in  virtne  of  which,  liiey  h"ve  a  tendency  to  flj 
off  in  a  direction  perpend iculor  to  the  axis,  ThU  ten- 
dency iocreases  in  the  aame  pruportion  as  the  ^istaoiK 
of  any  part  from  the  axis  iocrcaacs,  and  conacquentljf 
those  parts  of  the  earth  which  are  near  the  eiiuatajt,  are 
luore  strongly  alFectsd  by  this  ipfluence  thaq  x)ifmt  | 
near  the  pale.  It  has  been  already  explained  (145]  thil  i 
the  figure  of  the  earth   is  affected  by  this  cause,  i 
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Tkis,  however,  10  not  the  only  method  by  which  the 
ft^re  of  the  earfh  may  be  detenmned.  The  meridiane 
being  sections  of  the  earth  through  its  axis,  if  their 
fignre  were  exactly  determined,  that  of  the  earth 
wbold  be  known.  Measurements  of  arcs  of  meridians 
on  a  large  scale  have  been  executed,  and  are  still  being 
made  in  various  parts  of  the  earth,  with  a  view  to  de- 
termine the  curvature  of  a  meridian  at  different  lati- 
tudes. This  method  is  independent  of  every  hypothe- 
sis concerning  the  density  and  internal  structure  of  the 
earth,  and  is  considered  by  some  to  be  susceptible  of 
more  accuracy  than  that  which  depends  on  the  obser- 
vations of  pendulums. 

(221.)  It  has  been  stated  Uiat,  when  the  arc  of  vibra- 
tion of  a  pendulum  is  not  very  small,  a  variation  in  its 
length  will  produce  a  sensible  effect  on  the  time  of  vi- 
bration. To  construct  a  pendulum  such  that  the  time 
6i  vibration  may  be  independent  of  the  extent  of  the 
Bwliig,  was  a  favorite  speculation  of  geometers.  This 
|iMl)lem  was  solved  by  Huygens,  who  showed  that  the 
ctirve  called  a  cycloid,  previously  discovered  and  de- 
'toribed  by  Galileo,  possessed  tlie  isochronal  property ; 
that  is,  that  a  body  moving  in  it  by  the  force  of  gravity, 
would  vibrate  in  the  same  time,  whatever  be  the  length 
of  the  arc  described. 

Let  O  A,  fig,  77.,  be  a  horizontal  line,  and  let  O  B  be 
a  circle  placed  below  this  line,  and  in  contact  with  it. 
If  this  circle  be  rolled  upon  the  line  from  O  towards  A, 
a  point  upon  its  circumference,  which  at  the  beginning 
of  the  motion  is  placed  at  O,  will  during  the  motion 
trace  the  curve  OCA.  This  curve  is  caUed  a  cycloid. 
If  the  circle  be  supposed  to  roll  in  the  opposite  direction 
towards  A',  the  same  point  will  trace  another  cycloid 
O  C  A'.  The  points  C  and  C  being  the  lowest  points 
of  the  turves,  if  the  perpendiculars  C  D  and' C'?)' be 
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drawn,  they  will  respactively  be  equal  .to  the  diameter 
of  the  circle.  By  b  known  property  of  thia  curve,  the 
arcs  O  C  und  O  C  are  eqiinJ  to  twice  the  diameter  of 
the  circle.  From  tlie  point  O  euppose  a  flexible  threui 
to  be  Buspondcil,  whose  length  is  twice  the  diameter  of 
tlie  circle,  and  which  suatuina  a  pendulous  body  P  at  its 
extremity.  If  the  curves  O  C  and  O  C,  from  the  (dane 
of  the  paper,  be  raised  eo  as  to  form  aurfacea  to  whicli 
the  thread  may  be  applied,  the  extremity  P  will  extend 
to  the  polots  C  and  C,  when  the  entire  thread  has  been 
applied  to  either  of  tlio  curi'es.  Aa  the  Uu-ead  is  de- 
flected OD  eitlier  side  of  its  vertical  position,  it  ia  t{h 
plied  to  a  greater  or  lesser  portion  of  either  curve,  »£■ 
cording  to  the  quantity  of  its  deflection  front  the  vetti- 
cal.  If  it  be  deflected  on  each  side  until  the  point  T 
reaches  the  points  C  an-d  C,  the  extremity  would  trace 
a  cycloid  C  P  C  precisely  equal  and  similar  to  those 
already  mentioned.  Availing  hirnaelf  of  this  propertf 
of  the  curve,  Huygena  constructed  his  cycloidal  pendu- 
lum. The  time  of  vibration  was  subject  to  no  variatiiHi, 
however  ttie  arc  of  vibration  might  change,  prorideJ 
only  that  the  length   of  tlie  string  O  P  continued  tlB 
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'wh^me  radius  is  O  P,  and  consequentljr  the  property  of 
isochronism  will  no  longer  be  observed  in  the  circular 
pendulum. 


CHAPTER  XII. 


OF  SIHFIiE  MACHINES. 


(22S.)  A  MACHINE  is  an  instrument  by  wMch  force 
or  motion  may  be  transmitted  and  modified  as  to  its 
quantity  and  direction.  There  arc  two  ways  in  which 
i  machine  may  be  applied,  and  which  give  rise  to  a  di- 
rision  of  mechanical  science  into  parts  denominated 
iTATics  and  dynamics  ;  the  one  including  the  theory 
if  equilibrium,  and  the  other  the  theory  of  motion. 
FThen  a  machine  is  considered  statically,  it  is  viewed 
18  an  instrument  by  which  forces  of  determinate  quan- 
itieB  and  directions  are  made  to  balance  other  forces  of 
>ther  quantities  and  other  directions.  If  it  be  viewed 
lyxiamically,  it  is  considered  as  a  means  by  which  cer- 
ain  motions  of  determinate  quantity  and  direction 
nay  be  made  to  produce  other  motions  in  other  direc- 
ions'  and  quantities.  It  will  not  be  convenient,  how- 
rver,  in  tlic  present  treatise,  to  follow  this  division  of 
he  subject  We  shall,  on  the  other  hand,  as  hitherto, 
consider  the  phenoinena  of  equilibrium  and  motion  to- 
gether. 

The  effects  of  machinery  are  too  frequently  described 
in  such  a  manner  as  to  invest  them  with  the  appearance 
sf  paradox,  and  to  excite  astonishment  at  what  appears 
to  contradict  the  results  of  the  most  common  experi- 
ence.   It  will  be  our  object  here  to  take  a  different 

I 
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course,  and  to  attempt  to  show  that  (hoae  eSisctB  whkk 
have  been  held  up  as  matteTS  of  astoniehmeat  are  tht 

necessary,  naLurul,  uiid  ubviuuu  reHuItu  uf  cauaeB  adi{A-^ 
eil  to  produce  tliem  in  a  manuer  anulogous  to  the  ob- 
jects of  most  familiar  eKperience. 

(223.)  In  the  ajipliuntion  of  a  machine  there  are  th«« 
things  to  be  considered.  1.  The  force  or  resiataiKB 
wliich  ia  required  to  be  auslained,  opposed,  or  overcooift 
3.  The  force  which  is  used  to  sustain,  support,  or  ocet- 
come  that  resistance.  3.  The  machine  itself  by  whick' 
the  effect  of  this  latter  force  is  trnnsmitted  to  the  tor- 
mer.  Of  whatever  nature  be  the  force  or  the  re»sunu 
which  is  to  be  sustained  or  overcome,  it  is  techniMlIf 
called  tho  tceigkl,  since,  whatever  it  be,  a  weight  of 
equiviilent  effect  iiiny  always  he  found.  The  forca 
which  is  employed  to  austuin  or  overcome  it  is  techni- 
cally colled  the  poieer. 

(324.)  In  expressing  the  effect  of  machinery  it  ili 
usual  to  say  that  tlie  power  sustains  the  weigbti  Ui 
this,  in  fact,  is  not  the  case,  and  hence  arises  that  t^ 
pearance  of  paradox  which  has  already  been  alluded  Ift 
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t  the  pressure,  excited  by  the  power  or  weight, 

is  distrflnited  among  these  props.  If  the 
noant  to  twenty  hondred,  it  is  possible  so  to 
!  it,  that  any  proportion,  however  great,  of  it 
lirown  on  the  fixed  points  or  props  of  the  ma- 
le remaining  part  only  can  properly  be  said  to 
rted  by  the  power,  and  this  part  can  never  be 
han  the  power.  Considering  the  effect  in  this 
>pearfl  that  the  power  supports  just  so  much  of 
ht  and  no  more  as  is  equal  to  its  own  force, 

all  the  remaining  part  of  the  weight  is  sus- 
f  the  machine.    The  force  of  these  observa- 

be  more  apparent  when  the  nature  and  prop- 
the  mechanic  powers  and  other  machinoa  have 
lained. 

When  a  machine  is  used  dynamically,  its  ef- 
I  explained  on  different  principles.  It  is  true 
\uB  case,  a  very  small  power  may  elevate  a  very 
ight ;  but  nevertheless,  in  so  doing,  whatever 
achine  used,  the  total  expenditure  of  power,  in 
he  weight  through  any  height,  is  never  less 
;  which  would  be  expended  if  the  power  wereT 
»ly  applied  to  the  weight  without  the  inter- 
3f  any  machine.      This  circumstance   arises 

universal  property  of  "machines  by  which  the 
of  the  weight  is  always  less  than  that  of  the 
a  exactly  the  same  proportion  as  the  power 
less  than  the  weight ;  so  that  when  a  certain 
applied  to  elevate  a  weight,  the  rate  at  which 
.tion  is  effected  is  always  slow  in  the  same  pro- 
s  the  weight  is  great.  From  a  due  considera- 
lis  remarkable  law,  it  will  easily  be  understood 
lachine  can  never  diminish  the  total  expendi- 
ower  necessary  to  raise  any  weight  or  to  over- 
r  resistance.    In  such  cases,  all  that  a  machine 
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evBT  doea  or  evei  can  do,  is  to  enable  the  power  to  be 
expended  at  &  alow  rate,  and  in  a.  more  advantageoo* 
direction  than  if  it  wore  immediatelj  applied  to  the 
weight  or  tlic  rcsistaucc. 

Let  us  Hiipposc  that  P  is  a  power  amountin;  to  an 
ounce,  aiid  liial  W  ia  a.  weight  ajnounting  to  50  ounces, 
and  tliat  P  elevates  W  bj  means  of  a  machine.  In  vir- 
tue of  the  property  already  stated,  it  follows,  that 
while  P  movca  through  50  feet,  W  will  be  moved 
through  1  foot ;  but  in  moving  P  through  50  feet,  90 
d'lalinct  efforts  are  made,  by  each  of  "which  1  ounce  is 
moved  through  1  foot,  and  by  which  collectively  SO  dia- 
linct  ounces  might  be  successively  raised  through  1  fooL 
But  the  weight  W  ia  50  ounces,  and  has  been  raised 
throQgh  1  foot  I  from  whence  it  appears,  that  the  e:s- 
penditure  of  power  is  equal  to  that  which  would  be 
neceasnry  to  raise  tbo  weight  without  the  intervention 
of  any  machine. 

This  important  principle  may  he  presented  under  tit 
other  aspect,  uhich  will  perhaps  render  it  more  appu- 
ent.     Suppose  the  weight  W  were  actually  divided  inU 
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Krth  of  the  weight  and  power,  will  then  be  mtnifbst, 
ind  every  machine  will  furnish  a  verification  of  the 
mnarkable  proportion  between  the  velocities  of  the 
weight  and  power,  which  has  enabled  ns  to  explain 
Krhat  might  otherwise  be  paradoxical  and  difficult^  of 
comprehension. 

(S97.)  The  most  simple  species  of  machines  are 
Jiose  which  are  commonly  denominated  the  mechanic 
POWERS.  These  have  been  differently  enumerated  by 
iifferent  writers.  If,  however,  the  object  be  to  arrange 
n  distinct  classes,  and  in  the  smallest  possible  number  of 
hem,  those  machines  which  are  alike  in  principle,  the 
Dechanic  powers  may  be  reduced  to  three. 

1.  The  lever. 

2.  The  cord. 

3.  The  inclined  plane. 

To  one  or  other  of  these  classes  all  simple  machines 
whatever  may  be  reduced,  and  all  complex  machines 
nay  be  resolved  into  simple  elements  which  come  under 
hem. 

(228.)  The  first  class  includes  every  machine  which 
fl  composed  of  a  solid  body  revolving  on  a  fixed  axis, 
ilthough  the  name  lever  has  been  commonly  confined 
»  cases  where  the  machine  affects  certain  particular 
brms.  This  is  by  far  the  most  useful  class  of  ma- 
shines,  and  will  require  in  subsequent  chapters  very 
letailed  developement.  The  general  principle,  upon 
which  equilibrium  is  established  between  the  power  and 
weight  in  machines  of  this  class  has  been  already 
explained  in  (183.)  The  power  and  weight  are  always 
supposed  to  be  applied  in  directions  at  right  angles  to 
the  axis.  If  lines  be  drawn  from  the  axis  perpendicu- 
lar to  the  directions  of  power  and  weight,  equilibrium 
will  subsist,  provided  the  power  multiplied  by  the  per- 
pendicular distance  of  its  direction  from  the  axis,  be 

22 
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equtl  to  the  weight  multiplied  by  the  perpendicolir 
distance  of  its  direction  &om  the  axis.  Thia  is  a  prin- 
ciple to  which  we  sliall  have  occasion  to  refer  in  ei- 
pUining  the  varioui  macliines  of  this  class. 

(3S9.)  If  the  moment  of  the  power  (184.)  be  gieiter 
than  that  of  the  weight,  the  effect  of  the  power  will 
prevail  over  that  of  the  weight,  and  elevato  it ;  but  il, 
on  the  other  hand,  the  moment  of  the  power  be  leu 
than  that  of  the  weight,  the  power  will  be  insuffictaiit 
to  support  the  weight,  and  will  allow  it  to  falL 

(300.]  The  second  claaa  of  eimple  machinea  includes 
all  those  coBi^a  in  which  force  is  tranBiaittod  by  meaiii 
of  flexible  tlireade,  ropes,  or  chuns.  The  principle,  by 
which  the  effects  of  these  macliines  are  estimated,  is, 
that  the  tension  lliroagliout  the  wliole  length  of  the 
same  cord,  provided  it  be  perfectly  flexible,  and  tree 
from  the  effects  of  friction,  must  be  tbe  same.  Thus,  if 
a  fuicc  acting  at  one  end  be  balanced  by  a  force  acting 
at  the  other  end,  however  the  cord  may  be  bent,  or 
whatever  course  it  may  be  compelled  to  talte,  by  any 
causes  which   may   affect  it  between    its   ends,   Iheae 
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the  pow^r  to  the  weigfht  will  always  depend  on  the  ob- 
liquity of  the  surface  to  the  direction  of  the  weight. 
This  will  be  easily  understood  by  referring  to  what  has 
been  already  explained  in  Chapter  VIII. 

Under  this  class  of  machines  come  the  inclined 
plane,,  conmionly  so  called,  the  wedge,  the  screw,  and 
yariouB  others. 

(dSS.)  In  order  to  simplify  the  developement  of  the 
elementary  theory  of  machines,  it  is  expedient  to  omit 
the  consideration  of  many  circumstances,  of  which, 
however,  a  strict  account  must  be  taken  before  any 
practically  useful  application  of  that  theory  can  be  at- 
tempted. A  machine,  as  we  must  for  the  present  con- 
template it,  is  a  thing  which  can  have  no  real  or  practi- 
cal existence.  Its  various  parts  are  considered  to  be 
free  from  friction :  all  surfaces  which  move  in  contact 
are  supposed  to  be  infinitely  smooth  and  polished. 
The  sdid  parts  are  conceived  to  be  absolutely  inflexible. 
The  weight  and  inertia  of  the  machine  itself  are  wholly 
neglected,  and  we  reason  upon  it  as  if  it  were  divested 
of  these  qualities.  Cords  and  ropes  are  supposed  to 
have  no  stifbess,  to  be  infinitely  flexible.  The  ma- 
chine, when  it  moves,  is  supposed  to  suffer  no  resistance 
from  the  atmosphere,  and  to  be  in  all  respects  circum- 
stanced as  if  it  were  in  vctcuo. 

It  is  scarcely  necessary  to  state,  that,  aU  these  sup- 
positions being  false,  none  of  the  consequences  de- 
duced from  them  can  be  true.  Nevertheless,  as  it  is 
the  business  of  art  to  bring  machines  as  near  to  this 
state  of  ideal  perfection  as  possible,  the  conclusions 
which  arc  thus  obtained,  though  false  in  a  strict  sense, 
yet  deviate  from  the  truth  in  but  a  small  degree.  Like 
the  first  outline  of  a  picture,  they  resemble  in  their  gen- 
eral features  tliat  truth  to  which,  after  many  subsequent 
corrections,  they  must  finally  approximate. 

28 
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After  I.  first  appraxunation  has  been  made  ODtk; 
several  ftlse  suppositions  which  have  been  mentioned, 
vuioua  effects,  which  have  been  previoualy  neglected, 
are  successively  taken  into  account.  Roughnfies,  ri- 
gidity, imperfect  flexibility,  the  'reaislance  of  air,  uid 
other  fluids,  the  efiecu  of  the  weight  and  inerti&  of  the 
machine,  are  severally  examined,  and  their  lawa  and 
properties  delected.  The  modifications  and  correctioas, 
thus  suggested  aa  necessary  to  bo  introduced  into  oin 
former  conclusions,  are  applied,  and  a  second  approxi- 
mation, but  still  ontfi  nu  spproximation,  to  truth  is  made. 
For,  in  investigating  the  laws  which  regulate  the  sev- 
eral effects  just  mentioned,  wo  are  compelled  to  proceed 
upon  a  new  group  of  false  suppositions.  To  detorminc 
the  laws  which  regulate  the  friction  of  surtaoet,  it  ie 
necessary  to  assume  that  every  part  of  the  surges  a( 
contact  are  uniformly  rough  ;  that  the  solid  parts  which 
are  imperfectly  rigid,  and  the  cords  which  are  imper- 
fectly flexible,  are  constitued  throughout  thoir  entire 
dimensions  of  a  uniform  material ;  eo  that  the  im|>erfec- 
tion  does   not  prevail  more  in  one  port  than  anothei. 
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^jprazmiBtioDs  to  the  real  motiom  and  appearanceB 
which  take  place  in  nature.  It  is  trae  that  these  ap- 
pnodmations  are  susceptible  of  almost  unlimited  ac- 
ciirac|j|t%ut  still  they  are  and  ever  will  continue  to  be, 
onlj  appfozimations.  Optics  and  all  other  branches  of 
Bitiiiil  acience  are  liable  to  the  same  observations. 


CHAPTER  Xm. 


OF  THB  LEVER. 


(233.)  Air  inflexible,  straight  bar,  turning  on  an  axis, 
k  eommoxily  called  a  lever.  The  arms  of  the  lever  are 
ftne'partB  of  the  bar  which  extend]'on  each  side  of  the 

la. 
The  axis  is  called  the  fulcrum  or  prop, 

(334.)  Levers  are  commonly  divided  into  three  kinds, 
according  to  the  relative  positions  of  the  power,  the 
weight,  and  the  fulcrum. 

In  a  lever  of  the  first  kind,  as  in  Jig,  78.,  the  fulcrum 
is  between  the  power  and  weight. 

In  a  lever  of  the  second  kind,  as  in  fig,  79.,  the 
weight  is  between  the  fulcrum  and  power. 

In  a  lever  of  the  third  kind,  as  in  fg,  60.,  the  power 
is  between  the  fulcrum  and  weight. 

(235.)  In  all  these  cases,  the  power  will  sustain  the 
weight  in  equilibrium,  provided  its  moment  be  equal  to 
that  of  the  weight.  (184.)  But  the  moment  of  the  pow- 
er is,  in  this  case,  equal  to  the  product  obtained  by 
multiplying  the  power  by  its  distance  from  the  fulcrum  ; 
wid  the  moment  of  the  weight  by  multiplying  the 
weight  by  its  distance  from  the  fulcrum.  Thus,  if  the 
M 
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Buinbn  of  onncM  in  P,  being  multipUad  bj  the  mmdMC 
of  inchei  in  PF,  be  equal  to  the  number  of  ooneaiia 
W,  multiplied  by  the  numbet  of  inches  in  W  F,  aqn- 
libriuni  will  be  eslabliahed.  It  ii  evident  from  tU^  tbit 
aa  the  diitance  of  the  power  fiom  the  fulcmm  incraaHi 
in  compariaon  to  the  distance  of  the  weight  &om  tha 
fulcrum,  in  the  same  decree  exactly  will  the  proportiaii 
of  the  power  to  the  weight  diminiah.  In  other  wordi, 
the  proportion  of  the  power  to  the  weight  will  be  al- 
ways the  game  as  that  of  their  dtatoncee  from  the  M- 
cmm  taken  in  a  reverse  order. 

In  cases  where  a  Bmoll  power  ia  reqaired  to  aaltam 
or  elevate  a  great  weight,  it  will  therefore  be  necenaiy 
either  to  remove  the  power  to  a  great  distance  &fnn  tbs 
inlonim,  or  to  bring  the  weight  very  near  it. 

(Saa)  Numerans  examplca  of  levers  of  the  fint  kind 
may  be  given.  A  crow-bar,  applied  to  atorata  a 
stone  or  other  weight,  ia  an  inatance.  The  fillciHn 
is  another  stone  placed  near  that  which  ia  to  be  niiad, 
and  the  power  is  the  hand  [daced  at  th*  Other  end  of 
the  bat. 
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Anoarifl  a  lev«r  of  thd  second  kind.  Theretctian 
of  tha  water  against  the  blade  is  the  fnlcmm;  The 
boat  is  the  weight,  and  the  hand  of  the  boatman  the 
powex* 

The  rodder  of  a  ship  or  boat  is  an  example  of  this 
load  of  lever,  and  explained  in  a  similar  way. 

The  chipping  knife  is  a  lever  of  the  second  kind. 
The  e&d  attached  to  the  bench  is  the  fulcrum,  and  the 
weight  the  resistance  of  the  substance  to  be  cat,  placed 
beneath  it 
A  door  moved  upon  its  hinges  is  another  example. 
Nut-crackers  are  two  levers  of  the  second  kind ;  the 
hinge  which  unites  them  being  the  fulcrum,  the  resist- 
ince  of  the  shell  placed  between  them  being  the  weight, 
and  the  hand  applied  to  the  extremity  being  the  power. 
A  wheelbarrow  is  a  lever  of  the  second  kind ;  the 
fblcram  being  the  point  at  which  the  wheel  presses  on 
I     the  ground,  and  the  weight  being  that  of  the  barrow 
I     and  its  load,  collected  at  their  centre  of  gravity. 

The  same  observation  may  be  applied  to  all  tWo- 
wheeled  carriages,  whicli  are  partly  sustained  by  the 
animal  which  draws  them. 

(238.)  In  a  lever  of  the  third  kind,  the  weight,  being 
more  distant  from  the  fulcrum  than  the  power,  must  be 
pioportionably  less  than  it.    In  this  instrument,  there- 
fore, the  power  acts  upon  the  weight  to  a  mechanical 
I     disadvantage,  inasmuch  as  a  greater  power  is  necessary 
toBQpport  or  move  the  weight  than  would  be  required 
V     if  the  power  were  immediately  applied  to  the  weight, 
}     without  the  intervention  of  a  machine.    We  shall,  how- 
;  I     ever,  hereafter  show  that  the  advantage  which  is  lost  in 
f     fofce  is  gained  in  despatch,  and  that  in  proportion  as 
the  weight  is  less  than  the  power  which  moves  it,  so 
w91  the  speed  of  its  motion  be  greater  than  that  of  the 
power. 
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Benee  a  lever  of  the  ibiii  kind  is  onlj  used  in  cue) 
where  the  exertion  of  great  power  ia  a.  coosideratioe 
■ubordinnte  to  those  of  rapidity  and  despatch. 

The  moat  striking  exampie  of  levers  of  the  thiri 
kind  ia  found  in  the  on iraaJ  economy.  The  limbs  of  ui' 
male  are  genernlly  levers  of  this  deBcrLptioo.  The  wet 
el  of  the  bone  is  the  fiilcnun ;  a.  strong  muscle  at- 
tubed  to  the  bone  neu  the  socket  is  the  power;  mi 
the  weight  of  the  limb,  together  with  whatever  tesiH- 
ance  is  opposed  to  its  motion,  is  the  weight.  A  sligkt 
contrection  of  the  muscle  in  this  case  gii-es  a  consider- 
able motion  to  the  limb  :  this  effect  is  particularly  con- 
BpicuouH  in  the  motion  of  the  anus  and  legs  in  the  ho- 
man  body  :  a  very  inconsiderable  contraction  of  the 
mnaclea  at  the  shoulders  and  hips  giving  the  sweep  10 
the  limbs  from  wbtcii  the  boi)y  derives  eo  much  ac- 

The  treddle  of  the  taming  lathe  is  a  lever  of  the 
third  kind.  The  liinge  which  attaches  it  to  the  floor  is 
the  fulcrum,  the  foot  applied  to  it  near  the  hinge  is  tlie 
power,  and  tlie  crank   upon  the   axis  of  the  fly-wheel, 
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lever  of  the  second  kind,  if  the  power  be  tup- 
to  act  over  a  wheel  R,  f^,  79.,  the  fulcrum  F 
9  a  pressure  equal  to  the  difference  between  the 
ind  weight,  and  the  axis  of  the  wheel  R  sustains  a 
e  equal  to  twice  the  power;  so  that  the  total 
es  on  F  and  R  are  equivalent  to  the  united 
»f  the  power  and  weight 

lever  of  the  third  kind  similar  observations  are 
lie.  The  wheel  R,  Jig,  80.,  sustains  a  pressure 
>  twice  the  power,  and  the  fulcrum  F  sustains  a 
9  equal  to  the  difference  between  the  power  and 

e  facts  may  be  experimentally  established  by 
\g  a  string  to  the  lever  inmiediately  over  the  ful- 
nd  suspending  the  lever  by  that  string  from  the 
a  balance.     The  counterpoising  weight,  when 
rum  is  removed,  will,  in  the  •  first  case,  be  equal 
Bum  of  the  weight  and  power,  and  in  the  last 
i%  equal  to  their  difference. 
We  have  hitherto  omitted  the  consideration  of 
it  of  the  weight  of  the  lever  itself.    If  the  cen- 
gravity  of  the   lever  be  in  the  vertical   line 
the  axis,  the  weight  of  the  instrument  will 
other  effect  than  to  increase  the  pressure  on 
by  its  own  amount.     But  if  the  centre  of  grav- 
1  the  same  side  of  the  axis  with  the  weight,  as 
will  oppose  the  effect  of  the  power,  a  certain 
/hich  must  therefore  be  allowed  to  support  it 
rtain  what  part  of  the  power  is  thus  expended, 
3  considered  that  the  moment  of  the  weight  of 
r  collected  at  G,  is  found  by  multiplying  that 
>y  the  distance  G  F.     The  moment  of  that  part 
ower  which  supports  this  must  be  equal  to  it ; 
3,  it  is  only  necessary  to  find  how  much  of  the 
ultiplied  by  P  F  will  be  equal  to  the  weight  of 
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the  lever  multiplied  by  G  F.    This  ia  a  question 

man  urithmotic. 

If  the  centre  of  gravity  of  the  lever  be  ftt  a  differEDt 
aide  of  llie  axis  from  the  weight,  as  at  G',  the  wtight  of 
the  instrument  will  co-operate  with  the  power  i 
tBJning  the  weight  W.  To  detemiine  what  portion  of 
the  weight  W  ia  tlma  sustained  hy  the  weight  of  the 
lever,  it  is  only  neceasary  to  find  how  much  of  W,  mnl- 
lipbed  fay  the  distance  W  F,  ia  equal  to  the  weight  of 
the  lerer  multiplied  by  G'  P. 

In  these  cases  ttie  pressure  on  the  fulcram,  aa  alretdj 
e^tliniLtcd,  wUl  always  be  increased  by  the  wNgld  of 
the  lever. 

(341.)  The  aenao  in  which  a  amall  power  is  said  to 
eustain  a  great  weight,  and  the  manner  of  accomplish- 
ing this,  being  explained,  we  shall  now  consider  how 
the  power  ia  applied  in  moving  the  weight.  Let  PW, 
Jig.  81.,  be  the  places  of  the  power  and  weight,  and  P 
that  of  the  fulcrum,  and  let  the  power  be  depressed  to 
P' while  the  weight  is  raised  to  W.  The  space  PP' 
evidently  bears  the  same  proportion  to  WW,  as  the 
0  WF. 
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Buj  to  movd  one  pound  through  one  inch,  or  what  i« 
the  same,  it  is  that  which  would  he  necessary  to  movtf 
ten  pounds  through  one  inch.  But  this  is  exactly  what 
is  accomplished  hy  the  opposite  end  W  of  the  lever ; 
for  the  weight  W  is  ten  pounds,  and  the  space  W  W*  is 
one  inch. 

If  the  weight  W  of  ten  pounds  could  he  conveniently 
divided  into  ten  equal  parts  of  one  pound  each,  each 
part  might  he  separately  raised  through  one  inch,  with- 
out the  intervention  of  the  lever  or  any  other  machine. 
In  this  case  the  same  quantity  of  power  would  be  ex- 
pended, and  expended  in  the  same  manner  as  in  the 
case  just  mentioned. 

It  is  evident,  therefore,  that  when  a  machine  is  ap- 
plied to  raise  a  weight  or  to  overcome  resistance,  as 
much  force  must  be  really  used  as  if  the  power  were 
immediately  applied  to  the  weight  or  resistance.  All 
that  is  accomplished  by  the  machine  is  to  enable  the 
power  to  do  that  by  a  succession  of  distinct  efforts 
which  should  be  otherwise  performed  by  a  single  effort. 
These  observations  will  be  found  to  be  applicable  to  aU 
other  machines. 

(342.)  Weighing  machines  of  almost  every  kind, 
whether  used  for^  commercial  or  philosophical  purposes, 
are  varieties  of  the  lever.  The  common  balance, 
which  of  all  weighing  machines,  is  the  most  perfect 
and  best  adapted  for  ordinary  use,  whether  in  commerce 
or  experimental  philosophy,  is  a  lever  with  equal  arms. 
In  the  steel-yard  one  weight  serves  as  a  counterpoise 
and  measure  of  others  of  different  amount,  by  receiving 
a  leverage  variable  according  to  the  varying  amount  of 
the  weight  against  which  it  acts*  A  detailed  account 
of  such  instruments  will  be  found  in  Chapter  XXI. 

(243.)  We  have  hitherto  considered  the  power  and 
weight  as  acting  on  the  lever,  in  directions  perpendic- 
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vita  bi  its  length  and  panllel  to  e&ch  other.  This  doM 
not  alirajB  happen.  Let  A  B,  Jig.  83.,  be  &  lever  whoM 
falcnim  is  F,  and  let  A  R  be  the  direction  of  the  pow- 
er, tad  B  S  the  dircctioD  of  the  weight.  If  the  lina 
R  A  uid  S  B  be  continued,  and  perpendiculars  F  C  ind 
F  D  drawn  From  the  fulcrum  to  those  lines,  the  mooieot 
of  the  power  will  be  found  bj  muttiply ing  the  power  bj 
the  line  F  C,  and  the  moment  of  the  weight  by  nnd- 
tiplying  the  weiglit  by  FD.  If  these  momenta  bs 
equal,  the  power  will  sustain  the  weight  in  equilibiinm, 
(185). 

It  is  evident  that  the  same  reasoning  will  be  apphca- 
ble  when  the  arms  of  the  lever  are  not  in  the  laoiB 
direction.  These  arms  may  be  of  any  figure  or  sh^ie, 
and  may  be  placed  relatively  to  each  other  in  any  pwi- 

(S44.)  In  the  rectangular  lever  the  arms  are  perpen- 
dicular to  each  other,  and  the  fulcrum  F,  /ig.  84.,  is  at 
the  right  angle.  The  moment  of  the  power,  in  this  case, 
ia  P  multiplied  by  A  F,  and  that  of  the  weight  W 
multiplied  by  BF.  When  the  instrument  is  in  eqnili- 
n  these  momenta 
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same  fraction  of  the  weight  as  the  part  A  C  is  of  A  B. 
In  the  same  manner  it  may  he  proved,  that  the  pres- 
sure on  A  is  the  same  fraction  of  the  weight  as  B  C  is 
of  B  A.  Thus,  if  A  C  be  one  third,  and  therefore  B  C 
two  thirds  of  B  A,  the  pressure  on  B  will  be  one  third 
of  the  weight,  and  the  pressure  on  A  two  thirds  of  the 
weight. 

It  fdlows  from  this  reasoning,  that  if  the  weight  be 
in  the  middle,  equally  distant  from  B  and  A,  each  prop 
wiU  sustain  half  the  weight.  The  effect  of  the  weight 
of  the  beam  itself  may  be  determined  by  considering 
it  to  be  collected  at  its  centre  of  gravity.  If  this  point, 
therefore,  be  equally  distant  from  the  props,  the  weight 
of  the  beam  will  be  equally  distributed  between  them. 

According  to  these  principles,  the  manner  in  which  a 
load  borne  on  poles  between  two  bearers  is  distributed 
between  them  may  be  ascertained.  As  the  efforts  of 
the  bearers  and  the  direction  of  the  weight  are  always 
paraUel ;  the  position  of  the  poles  relatively  to  the  ho- 
rizon makes  no  difference  in  the  distribution  of  the 
weights  between  the  bearers.  Whether  they  ascend  or 
descend,  or  move  on  a  level  plane,  the  weight  will  be 
similarly  shared  between  them. 

If  the  beam  extend  beyond  the  prop,  as  in  Jig.  86., 
and  the  weight  be  suspended  at  a  point  not  placed  be- 
tween them,  the  props  must  be  applied  at  different  sides 
of  the  beam.  The  pressures  which  they  sustain  may  be 
calculated  in  the  same  manner  as  in  the  former  case. 
The  pressure  of  the  prop  B  may  be  considered  as  a 
power  sustaining  the  weight  W  by  means  of  the  lever 
BC.  Hence,  the  pressure  of  B,  multiplied  by  BA, 
must  be  equal  to  the  weight  W  multiplied  by  A  C. 
Therefore  the  pressure  on  B  bears  the  same  proportion 
to  the  weight  as  A  C  does  to  A  B.  In  the  same  man- 
ner, considering  B  as  a  fulcrum,  and  the  pressure  of  the 


prop  A  as  tlie  power,  it  ma;  be  proved  thKt  the  presnin 
of  A  bcMB  the  aaiue  proportion  to  the  weight  is  Ua 
line  fi  C  does  to  A  B.  It  therefore  appears,  Ih&t  the 
presHure  on  the  prop  A  is  gieatcr  than  the  weight 

(246.)  When  great  power  is  required,  and  it  is  incon- 
venient to  construct  a  long  lever,  a  combination  of  lev- 
ers may  be  u^ed.  .  In  Jig:  87.  such  a  aysteni  of  lovEn  is 
represented,  consisting  of  three  levers  of  the  first  kind. 
The  manner  in  which  the  effect  of  the  power  is  trau- 
nutted  to  the  weight  may  be  investigated  by  consider- 
itig  the  effect  of  each  lever  fluccessively.  The  posrer 
at  P  produces  an  upward  force  at  P',  which  bears  to  P 
the  same  proportion  as  P'  F  to  P  F.  Therefore,  the 
effect  at  P'  is  as  many  times  the  power  as  the  line  P  F 
ia  of  P'P.  Tbua,  if  P  F  be  ten  times  P'  F,  the  upward 
force  at  P'  ia  ten  timea  the  power.  Tbe  arm  P'  P'  of 
Uie  second  lever  is  pressed  upwards  by  a  force  equal  to 
ten  times  the  power  at  P.  In  the  aame  manner  this  maf 
be  shown  to  produce  an  effect  at  P"  as  many  li 
greater  than  P'  as  P'  P'  ia  greater  than  P"  F'.  Thug, 
if  P'  F'  be  twelve  times  P"  F',  tbo  effect  at  P"  will  be   ( 
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ultiplied  together  give  600.  In  fig.  87.  the  levera 
(mpoeing  the  system  are  of  the  first  kind ;  but  the 
incipleB  of  the  calculation  will  not  be  altered  if  they 
)  of  the  second  or  third  kind,  or  some  of  one  kind  and 
»me  of  another. 

(947.)  That  number  which  expresses  the  proportion 
*  the  weight  to  the  equilibrating  power  in  any  ma- 
line,  we  shall  call  the /lourero/' i^  fiHic^tne.  Thus,  if^ 
.  a  lever,  a  power  of  one  poimd  support  a  weight  of 
n  poonds,  the  power  of  the  machine  is  ten.  If  a  pow- 
r  of  9  lbs.  support  a  weight  of  11  lbs.,  the  power  of 
0  machine  is  5^,  2  being  contained  in  11  5il  times. 
(348.)  As  the  distances  of  the  power  and  weight  from 
le  fulcrum  of  a  lever  may  be  varied  at  pleasure,  and 
qr  assigned  proportion  given  to  them,  a  lever  may  al* 
mjB  be  c<mceived  having  a  power  equal  to  that  of  any 
ifea  machine.  Such  a  lever  may  be  called,  in  relaticm 
» fhaX  machine,  the  tqaiwiilewt  2ever. 
Aa  every  complex  machine  consists  of  a  number  of 
Vliile  machines  acting  one  upon  another,  and  as  each 
nple  machine  may  be  represented  by  an  equivalent 
PTBT,  the  complex  machine  will  be  represented  by  a 
onpoond  system  of  equivalent  levers.  From  what  has 
een  proved  in  (^6.),  it  therefore  follows  that  the  pow- 
r  of  a  complex  machine  may  be  calculated  by  multi- 
lying  together  the  powers  of  the  several  simple  ma- 
hines  of  which  it  is  composed. 
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or  WHEEt-WORK. 

9.)  WlTF.N  B  lever  is  applied  to  raise  a  weight,  or 
eistonce,  the  space  through  which  it  act! 
Bt  Buy  one  time  in  small,  and  the  work  must  be  axxom- 
plished  by  a  succession  of  short  and  intermitting  ef- 
forts, hi  Jig.  81.,  after  the  weight  has  been  raisei 
from  W  to  W,  the  lever  must  again  return  to  Its 
position,  to  ti.'peat  the  action.  During  this  retuti 
motion  of  the  weight  ia  suspended,  and  it  will  fall  clovn- 
warda  unless  some  provision  he  made  to  anatHin 
The  Eonunon  lever  ia,  therefore,  only  iieed  in  cat 
where  weights  are  required  to  b*  raised  through  hid 
spaces,  and  under  theao  circumstances  its  greats 
plioity  strongly  recommends  it.  But  where  a  continih 
ous  motion  is  to  be  produced,  as  in  raising  ore  froi 
mine,  or  in  weighing  the  iinchor  of  a.  vessel,  soma 

;  must  he  adopted  to  remove  the   intermiUinj 
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chine  (^7.)  is  expressed  by  the  proportion  which  the 
nidias  of  the  wheel  bears  to  the  radios  of  the  axle ; 
or,  what  is  the  same,  of  the  diameter  of  the  wheel  to 
the  diameter  of  the  axle.  This  principle  is  applicable 
to  the  wheel  and  axle  in  every  variety  of  form  under 
whicli  it  can  be  presented.  ^ 

(250.)  It  is  evident  that  as  the  power  descends  con- 
tinually, and  the  rope  is  uncoiled  from  the  wheel,  the 
weight  win  be  raised  continually,  the  rope  by  which  it 
18  suspended  being  at  the  same  time  coiled  upon  the 
«de. 

When  the  machine  is  in  equilibrium,  the  forces  of 
both  the  weight  and  power  are  sustained  by  the  axle, 
tnd  distribnted  between  its  props,  in  the  manner  ex- 
pllined  in  (245.) 

When  the  machine  is  applied  to  raise  a  weight,  the 
nkicity  with  which  the  power  moves  is  as  many  times 
greater  than  that  with  which  the  weight  rises,  as  the 
weight  itself  is  greater  than  the  power.  This  is  a 
principle  which  has  already  been  noticed,  and  which  is 
common  to  all  machines  whatsoever.  It  may  hence  be 
proved,  that  in  the  elevation  of  the  weight  a  quantity 
of  power  is  expended  equal  to  that  which  would  be 
necessary  to  elevate  the  weight  if  the  power  were  im- 
mediately applied  to  it,  without  the  intervention  of  any 
machine.  This  has  been  explained  in  the  case  of  the 
lever  in  (241.),  and  may  be  explained  in  the  present 
instance  in  nearly  the  same  words. 

In  one  revolution  of  the  machine  the  length  of  rope 
uncoiled  from  the  wheel  is  equal  to  the  circumference 
of  the  wheel,  and  through  this  space  the  power  must 
therefore  move.  At  the  same  time  the  length  of  rope 
coiled  upon  the  axle  is  equal  to  the  circumference  of 
the  axle,  and  through  this  space  the  weight  must  be 
raised.    The  spaces,  therefore,  through  which  the  pow- 


ei  and  weight  move  in  the  same  time,  are  in  the  pnqni- 
tiini  ef  tiie  circom&renceB  of  the  wheel  and  axle ;  bol 
ttteae  ciicuraferenceB  are  in  (he  same  proportion  as  their 
diametere.  ThereftiiP  the  velocity  of  the  power  will 
bear  to  the  velucity  uf  the  weight  the  same  proportiot 
as  the  diameter  of  the  wheel,  bears  to  tlie  diameter  of 
the  axle,  or,  what  ie  the  same,  as  the  weight  bearBlo 
thepower(a49). 

{iSl.)  We  have  here  omitted  the  consideration  of  the 
Uiickiiees  of  the  rope.  When  this  is  considered,  Ihi 
force  must  be  conceived  as  acting  in  the  direction  of 
llie  centre  of  the  rope,  and  therefore  the  thicknen  of 
the  rope  which  suppoita  the  power  ought  to  be  added  U 
the  diameter  of  the  wheel,  tind  the  thickness  of  the 
rope  which  suppoita  the  weight  to  the  diameter  of  ths 
ude.  It  is  the  more  necessary  to  attend  to  this  circum- 
Btauce,  as  the  atrengtlL  of  tlie  rope  necessary  to  sup- 
port the  weight  causes  its  thickness  to  bear  a  coniiid- 
erable  proportion  to  the  diameter  of  the  axle ;  while 
the  rope  which  sustains  the  power  not  requiring  tlie 
same  £tieng't)i,  and   being  applied  to   a.  larger  circl^i 
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In  some  cases  no  wheel  is  attached  to  the  axle ;  but  it 
is  pierced  with  holes  directed  towards  its  centre,  in  which 
lon^  levers  are  inceseantly  inserted,  and  a  continuous 
action  produced  by  several  men  working  at  the  same 
time ;  so  thai  while  some  are  transferring  the  levers 
from  hole  to  hole,  others  are  working  the  windlass. 

The  axle  is  sometimes  placed  in  a  vertical  position, 
the  wheel  or  levers  being  moved  horizontally.  The 
Cfl^Mton  is  an  example  of  this :  a  vertical  axis  is  fixed  in 
the  deck  of  the  ship ;  the  circumference  is  pierced  with 
holes  presented  towards  its  centre.  These  holes  re- 
ceive long  levers,  as  represented  in  ^.  90.  The  men 
who  work  the  capstan  walk  continuaUy  round  the  axle, 
pressing  forward  the  levers  near  their  extremities. 

In  some  cases  the  wheel  is  turned  by  the  weight  of 
^wimRla  placed  at  its  circumference,  who  move  forward 
ns  fast  as  the  wheel  descends,  so  as  to  maintain  their 
poflition  continually  at  the  extremity  of  the  horizontal 
diameter.  The  ireadmiU,  Jig,  91.,  and  certain  crants^ 
such  as  fig,  92.,  are  examples  of  this. 

In  water-wheels,  the  power  is  the  weight  of  water 
contained  in  buckets  at  the  circumference,  as  in^. 
08.,  which  is  called  an  over-shot  wheel ;  and  sometimes 
by  the  impulse  of  water  against  float-boards  at  the 
circumference,  as  in  the  under-shot  wheel,  fig.  94. 
Both  these  principles  act  in  the  breast- wheel,  fig,  95w 

In  the  paddle-wheel  of  a  steam-boat,  the  power  is  the 
resistance  which  the  water  offers  to  the  motion  of  the 
paddle-boards. 

In  windmills,  the  power  is  the  force  of  the  wind  act- 
ing on  various  parts  of  the  arms,  and  may  be  consid- 
ered as  different  powers  simultaneously  acting  on  dif- 
ferent wheels  having  the  same  axle. 

(253.)  In  most  cases  in  which  the  wheel  and  axle  is 
used,  the  action  of  the  power  is  liable  to  occaaional 

w2 
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BiiBpeDsion  or  intermiBeion,  id  which  c: 
TBnce  is  necessary  to  prBvent  the  recoii  of  the  weight 
A  Tfttehet  wheel  R,  Jig.  PS.,  is  provided  for  this  purpose, 
which  is  a  contrivance  which  permits  the  wheel  to  Oim 
in  one  direction ;  but  a  cstcb  which  falls  between  the 
teeth  of  a  fixed  wheel  preveots  its  motion  in  tiie  othei 
direction.  The  effect  of  the  power  or  weight  is  some- 
times transmitted  to  the  wheel  or  axle  by  means  of  t 
straight  bar,  on  the  edge  of  which  teeth  are  raised, 
which  engage  themselves  in  corresponding  teeth  on 
the  wheel  or  axle.  Such  a  bar  is  called  a  rack;  isd 
an  instance  of  its  use  may  be  observed  in  the  manner 
of  working  t]ie  pistons  of  an  air-pump. 

(254.)  The  power  of  the  wheel  and  axle  being  ei- 
presBed  by  the  number  of  times  the  diameter  of  the 
axle  is  contained  in  tliat  of  the  wheel,  Uiere  are  obTi- 
ously  only  two  ways  by  which  this  power  may  be 
increased  ;  viz.  either  by  increasing  the  diameter  of  the 
axle,  or  diminishing  (hat  of  the  wheel.  In  cases 
where  great  power  is  required,  each  of  these  methods 
ia  attended  with   practical  inconvenience  nnd  difficulty. 
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throogh  a  wheel  attached  to  the  weight,  and  coiling  i€ 
in  the  opposite  direction  on  the  thicker  part,  as  in  Jig, 
96.  To  investigate  the  proportion  of  the  power  to  the 
weight  in  this  case,  let  Jig,  97.  represent  a  section  of 
the  apparatus  at  right  angles  to  the  axis.  The  weight 
is  equally  suspended  hy  the  two  parts  of  the  rope,  S 
and  S',  and  therefore  each  part  is  stretched  hy  a  force 
equal  to  half  the  weight.  The  moment  of  the  force, 
which  stretches  tlie  rope  S,  is  half  the  weight  multi- 
plied by  the  radius  of  the  thinner  part  of  the  axle. 
This  force  being  at  the  same  side  of  the  centre  with 
the  power,  co-operates  with  it  in  supporting  the  force 
which  stretches  S',  and  which  acts  at  the  other  side  of 
the  centre.  By  the  principle  established  in  (185.),  the 
moments  of  P  and  S  must  be  equal  to  that  of  S' ;  and 
therefore  if  P  be  multiplied  by  the  radius  of  the  wheel, 
and  added  to  half  the  weight  multiplied  by  the  radius 
of  the  thinner  part  of  the  axle,  we  must  obtain  a  sum 
equal  to  half  the  weight  multiplied  by  the  radius  of  the 
thicker  part  of  the  axle.  Hence  it  is  easy  to  perceive, 
that  the  power  multiplied  by  the  radius  of  the  wheel  is 
equal  to  half  the  weight  multiplied  by  the  difference  of 
the  radii  of  the  thicker  and  thinner  parts  of  the  axle  ; 
or,  what  is  the  same,  the  power  multiplied  by  the  diam- 
eter of  the  wheel,  is  equal  to  the  weight  multiplied  by 
half  the  difference  of  the  diameters  of  the  thinner  and 
thicker  parts  of  the  axle. 

A  wheel  and  axle  constructed  in  this  manner  is 
equivalent  to  an  ordinary  one,  in  which  the  wheel  has 
the  same  diameter,  and  whose  axle  has  a  diameter 
equal  to  half  the  difference  'of  the  diameters  of  the 
thicker  and  thinner  parts.  The  power  of  the  machine 
is  expressed  by  the  proportion  which  the  diameter  of 
the  wheel  bears  to  half  the  difference  of  these  diame- 
ters ;  and  therefore  this  power,  when  the  diameter  of 

m3 
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the  wheel  is  giveo,  does  not,  ea  in  the  ordinary  wli£el 
and  ule,  depend  on  the  nnallneEa  of  the  Bjde,  but  oa 
tho  Bmollneia  of  tlie  difference  of  the  thinner  ind 
thicker  parts  of  it.  TJie  axle  may,  therefore,  be  ecu- 
Btructed  of  suth  a  iJiickncsB  aa  to  give  it  all  the  requi- 
site strength,  and  yet  the  difTereoce  of  the  diuneten  of 
its  different  porta  muy  bo  so  small  aa  to  give  it  all  the 
requisite  power. 

|255.)  It  often  happens  that  a  varying  weight  ia  lo 
be  raised,  or  resistance  overcome  by  a  uniform  power. 
If,  io  such  a  case,  the  weight  be  raieed  by  a  rope  coilsd 
opou  a  uniform  axle,  tlie  action  of  the  power  would  not 
be  uniform,  but  would  vary  with  the  weight.  It  ii, 
however,  in  mo9t  cases  desirable  or  necessary  that  Gm 
weight  or  resistance,  even  (Jiough  it  vary,  shall  be 
moved  uniTormly.  Tliis  will  be  accomplished  if  by  anf 
meaoB  the  leverage  of  the  weight  is  mode  to  increase 
ID  the  same  proportion  as  the  weight  diminishes,  and  to 
diioiniab  in  tliesame  proportion  aa  theVeight  increases: 
for  in  that  case  the  moment  of  the  weight  will  never 
vary,  whatever  it  gaina  by  Uic  increase  of  weight  being 
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down,  the  elastic  force  of  the  spring  gradually 
its  energy.  This  spring  is  connected  by  a  chain 
with  an  axle  of  varying  thickness,  called  a  fusee. 
When  the  spring  is  at  its  greatest  intensity,  the  chain 
acts  upon  the  thinnest  part  of  the  fusee,  and  as  it  is  un* 
coiled,  it  acts  upon  a  part  of  the  fusee  which  is  continu- 
ally iacreasing  in  thickness,  the  spring  at  the  same  time 
looiiig  its  elastic  power  in  exactly  the  same  proportion. 
A  representation  of  the  fusee,  and  the  cylindrical  box 
which  contains  the  spring,  is  given  in  fig.  98.,  and  of 
Ihe  spring  itself  in  fig.  99. 

'(256.)  When  great,  power  is  required,  wheels  and 
Axles  may  be  combined  in  a  manner  analogous  to  a  com- 
poond  system  of  levers,  explained  in  (246.)  In  this 
'Case  the  power  acts  on  the  circumference  of  the  first 
wheel,  and  its  effect  is  transmitted  to  the  circemference 
ef  the  first  axle.  That  circumference  is  placed  in  con- 
nection with  the  circumference  of  the  second  wheel, 
and  the  effect  is  thereby  transmitted  to  the  circum* 
ference  of  the  second  axle,  and  so  on.  It  is  obvious 
^nom  what  was  proved  in  (248.),  that  the  power  of 
■uch  a  combination  of  wheels  and  axles  will  be  found 
by  multiplying  together  the  powers  of  the  several 
wheels  of  which  it  is  compoafed.  It  is  sometimes  con- 
venient to  compute  this  power  by  numbers  expressing 
the  proportions  of  the  circumferences  or  diameters  of 
the  several  wheels,  to  the  circumferences  or  diameters 
of  the  several  axles  respectively.  This  computation  is 
made  by  first  multiplying  the  numbers  together  which 
express  the  circumferences  or  diameters  of  the  wheels, 
and  then  multiplying  together  the  nimibers  which  ex- 
press the  circumferences  or  diameters  of  the  several 
axlesi  The  proportion  of  the  two  products  will  express 
the  power  of  the  machine.  Thus,  if  the  circum- 
ferences or  diameters  be  as  the  numbers  10, 14,  and  15^ 
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their  product  will  be  3100;  and  if  the  circumfeTeiicea    I 
ta  diameters  of  the  axleg  be  expreBeed  by  the  num- 
ben  3,  4,  and  5,  their  product  will  be  fiO,  and  the  power 
of  the  machiDG  will  be  expressed  by  the  proponioQ  of 
3100  and  130,  or  .'(5  to  1. 

(257.)  The  maimer  in  which  the  circumforences  of  the    i 
axles  act  upon   the  circumfereocea  of  the  wheels  in    \ 
compound  wheel-work  is  vorioaB.     Someljinas  a  gtnp 
or  cord  is  applied  to  a  groove  in  the  circiuaference  of 
the  axle,  and  carried  round  a  Himilar  groove  in  the  ci^ 
cumference  of  the  succeeding  wheel.     The  frictjon  of    ' 
this  cord  or  atrap  with  the   groove  ia  sufficient  to  pre-    ' 
vent  its  eliding  and  to  c  omiDujiicate  the  fcrce  from  the 
axle  to  the  wheel,  or  vice  uersd.     This  method  of  con- 
necting wheel-work  is  repreaepted  in  Jig.  100. 

Numerous  examples  of  wheels  and  axles  driven  hj 
straps  or  cords  occur  in  machinery  applied  to  ahnott 
every  department  of  the  arts  Hnd  manufactures.  In  the 
turning  latlie,  the  wheel  worked  by  the  treddle  is  con- 
nected with  the  mandrel  by  a.  catgut  cord  passing 
through  groovoa  in  the  wheel  and  axle.  In  all  great  &c- 


CHAY.  X^T^         coxpocjno  WHKXI^WO: 

.(258*)  When  the  ciicomfereiice  of  the  wheel  acts 
immediately  on  the  circumference  of  the  sncceediB^ 
axle,  some  means  must  necessarily  be  aiiopced  to  pre- 
vent the  wheel  from  moving  in  contact  with  the  axle 
without  compelling  the  latter  to  turn.  If  the  surfaces 
of  both  were  petfectly  smooth^  so  that  all  friction  were 
remoyed,  it  Lb  obvious  that  either  would  slide  over  the 
anriace  of  the  other,  without  communicating  motion  to 
iL  But,  on  the  other  band,  if  there  were  any  asperitiesi, 
however  small,  upon  these  surfaces,  they  would  become 
mntnally  inserted  among  each  other,  and  neither  the 
wheel  nor  axle  could  move  without  causing  the  asperi- 
ties with  which  its  edge  is  studded  to  encounter  those 
asperities  which  project  from  the  surface  of  the  other ; 
and  thus,  until  these  projections  should  be  broken  oS, 
both  wheel  and  axle  must  be  moved  at  the  same  time. 
It  is  on  this  account  that  if  the  surfaces  of  the  wheels 
and  axles  are  by  any  means  rendered  rough,  and  press^ 
ed  together  with  sufficient  force,  the  motion  of  either 
will  turn  the  other,  provided  the  load  or  resistance  be 
not  greater  than  the  force  necessary  to  break  off  these 
9mall  projections  which  produce  the  friction. 

In  cases  where  great  power  is  not  required,  motion  is 
communicated  in  this  way  through  a  train  of  wheel- 
work,  by  rendering  the  surface  of  the  wheel  and  axle 
rough,  either  by  facing  them  with  buff  leather,  or  with 
wood  cut  across  the  grain.  This  method  is  sometimes 
used  in  spinning  machinery,  where  one  large  buffed 
wheel,  placej}  in  a  horizontal  position,  revolves  in  con- 
tact with  several  small  buffed  rollers,  each  roller  com- 
municating motion  to  a  spindle.  The  position  of  the 
wheel  W,  and  the  rollers  R  R,  &c.,  are  represented  in 
Jig.  102.  Each  roller  can  be  thrown  out  of  contact 
with  the  wheel,  and  restored  to  it  at  pleasure. 
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He  cammumcation  of  motion  between  wheels  tnd  I 
ixlee  by  friction  has  the  advantage  of  great  amoothiiesB  ' 
and  evenness,  bdiI  of  proceeding  with  litUe  noise  ;  but 
this  method  can  oriiy  be  uded  in  cases  where  the  resii- 
tance  is  not  very  conaidcrnble,  and  therefore  is  Beldom 
adopted  in  woAs  on  a  Inrffe  scale,  Ot.  Gregory  men- 
tions an  instance  of  u  sow-mill  st  Southampton,  when 
the  wheels  act  itpon  each  other  by  the  contact  of  IhB 
end  grain  of  wood.  The  machinery  uiakca  very  little 
noise,  and  wears  very  well,  hiving  been  used  not  less 
than  20  years. 

(239.)  Tlie  most  uaual  method  of  trinemitting  mo- 
tion through  a  train  of  wheel-work  ia  by  the  formation 
of  teetli  upon  their  circuoiferencea,  so  that  tieae  indM- 
lures  of  each  wheel  fall  between  the  corresponding 
ones  of  that  in  which  it  works,  end  ensure  the  action  so 
long  as  Uie  strain  is  not  so  great  as  to  fracture  the 
tooth. 

In  the  formation  of  teeth  very  minute  attention  must 
be  give  to  their  figure,  in  order  tliat  the  motion  may  be 
licBted   from  wheel  to  wheel  with  amoothnesa 
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nine  scr^nng  and  grinding  effect  is  produced  in  the 
q[ypo«ite  direction,  until  by  the  revolution  of  the  wheels 
the  teeth  become  disengaged.  These  effects  are 
avoided  by  giving  to  the  teeth  the  curved  forms  rep- 
resented in^.  104.  By  such  means  the  surfaces  of  the 
teeth  roll  upon  epch.  other  with  very  inconsiderable 
frictiony  and  the  direction  ih  which  the  pressure  is  ex- 
cited is  always  that  of  a  line  M  N,  touching  the  two 
wheels,  and  at  right  angles  to  the  radii.  Thus  the 
pressure  being  always  the  same,  and  acting  with  the 
same  leverage,  produces  a  uniform  effect. 

(260.)  When  wheels  work  together,  their  teeth  must 
necessarily  be  the  same  size,  and  therefore  the  propor- 
tion of  their  circumferences  may  always  be  estimated 
by  the  number  of  teeth  which  they  carry.  Hence  it 
follows,  that  in  computing  the  power  of  compound 
wheel-work,  the  number  of  teeth  may  always  be  used 
to  express  the  circumferences  respectively,  or  the  diam- 
eters which  are  proportional  to  these  circumferences.- 
When  teeth  are  raised  upon  an  axle,  it  is  generally 
called  a  pinion j  and  in  that  case  the  teeth  are  called 
leaves.  The  rule  for  computing  the  train  of  wheel- 
work  given  in  (256.)  will  be  expressed  as  follows : 
when  the  wheel  and  axle  carry  teeth,  multiply  together 
the  niunber  of  teeth  in  each  of  the  wheels,  and  next 
the  number  of  leaves  in  each  of  the  pinions ;  the  pro- 
portion of  the  two  products  will  express  the  power  of 
the  machine.  If  some  of  the  wheels,  and  axles  cany 
teeth,  and  others  not,  this  computation  may  be  made  by 
using  for  those  circumferences  which  do  riot  bear  teeth 
the  number  of  teeth  which  would  fill  them.  Mg.  105. 
represents  a  train  of  three  wheels  and  pinions.  The 
wheel  F  which  bears  the  power,  and  the  axle  which 
bears  the  weight,  have  no  teeth  ;  but  it  is  easy  to  find 
the  number  of  teeth  which  they  would  carry. 
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(361.)  It  U  evidont  that  each  pinion  revolves  miicli 
-  more  frer|aently  in  a  given  IJroe  thao  the  wheel  whieh 
it  drives.  Thua,  if  the  pinion  C  be  furnished  witli  Ice 
teeth,  and  tlio  wheel  E,  which  it  drives,  have  aaXf 
teeth,  the  pinion  C  must  turn  six  times,  in  order  to  tum 
the  wheel  E  once  rmmd.  The  veigcities  of  revolutiM 
of  every  wheel  and  pinion  which  work  in  one  another 
will  therefore  have  t)ie  same  proportion  as  their  number 
of  teeth  taken  in  a  reverse  order,  and  b;  this  meuu  tht 
relative  velocity  of  wheels  and  pinions  may  be  de^ei- 
mined  according'  to  any  proposed  rate. 

Wheel-work,  like  all  other  machinery,  is  used  to  ■ 
transmit  and  modify  force  in  every  department  of  the 
arts  and  manufactures  ;  but  it  is  also  used  in  gmgi 
where  motion  alone,  and  not  force,  ia  the  ol^cttok 
attained.  The  moat  reniarkable  example  of  this  ocents 
io  watch  and  clock-ivork.  where  the  object  is  merely  to 
produce  uniform  mutiurui  of  rotation,  having'  certain 
proportions,  anii  without  any  regard  to  the  elevationof 
weighla,  or  the  overcoming  of  resiBtances. 

(2G2.)  A    crane    ia   an    example   of   combination  of 
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which  carries  upon  its  axis  a  barrel  M,  on  which  a 
chain  or  rope  is  coiled.    The  chain  passes  over  a  pulley 
D  at  the  top  of  the  gib.    At  the  end  of  the  chc^n  a 
hook  O  is  attached,  to  support  the  weight  W.    During 
the  elevation  of  the  weight  it  is   convenient  that  its 
recoil  should  be  hindered  in  case  of  any  occasional 
sospension  of  the  power.    This  is  accomplished  by  a 
rmtchet  wheel  attached  to  the  barrel  M,  as  explained  in 
(353.) ;  but  when  the  weight  W  is  to  be  lowerld,  the 
catch  must  be  removed  from  this  ratchet  wheel.    In  this 
case  the  too  rapid  descent  of  the  weight  is  in  some 
cases  checked  by  pressure  excited  on  some  part  of  the 
wheel-work,  so  as  to  produce  sufficient  friction  to  re- 
tard the  descent  in  any  required  degree,  or  even  to  sus- 
pend it,  if  necessary.    The  vertical  beam  at  B  resting 
OD  a  pivot,  and  being  fixed  between  rollers,  allows  the 
^b  to  be  turned  round  in  any  direction ;  so  that  a  weight 
laised  firom  one  side  of  the  crane  may  be  carried  round, 
and  deposited  on  another  side,  at  any  distance  within 
the  range  of  the  gib.    Thus,  if  a  crane  be  placed  upon    * 
a  wharf  near  a  vessel,  weights  may  be  raised,  and 
when  elevated,  the  gib  may  be  turned  round  so  as  to  let 
them  descend  into  the  hold. 

The  power  of  this  machine  may  be  computed  upon 
the  principles  already  explained.  The  magnitude  of  the 
circle,  in  which  the  power  at  I  moves,  may  be  deter- 
mined by  the  radius  of  the  winch,  and  therefore  the 
number  of  teeth  which  a  wheel  of  that  size  would  car- 
ry n^y  be  found.  In  like  manner  we  may  determine 
the  number  of  leaves  in  a  pinion  whose  magnitude 
would  be  equal  to  the  barrel  M.  Let  the  first  number 
be  multiplied  by  the  number  of  teeth  in  the  wheel  K, 
and  that  product  by  the  number  of  teeth  in  the  wheel 
L.  Next  let  the  number  of  leaves  in  the  pinion  H  be 
multiplied  by  the  number  of  leaves  in  the  pinion  at- 
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uched  to  the  axle  of  the  wheel  K,  and  let  that  product 
be  multiplied  by  the  number  of  leaves  in  a  piiuoii, 
whose  liiameter  is  equal  to  that  of  the  barrel  U. 
These  two  products  will  express  the  power  of  the  aa- 

{2G3.)  Toothed  wheels  are  of  three  kinds,  dialjn- 
guished  by  the  position  which  the  teeth  bear  with  re- 
spect to  the  axis  of  the  wheel.  When  they  are  raised 
upon  the  edge  of  the  wheel  as  in  ^,  105.,  they  ue 
called  gpiir  whedt  or  spur  gear.  When  they  are  raiwd 
pantJIei  to  iJic  axis,  as  in  _fig.  1U7.,  it  is  called  a  crom 
teht^  When  the  teeth  are  raised  oa  a  surface  ut 
clioed  to  the  plane  of  the  wheel,  as  in  Jig.  108.,  the/are 
called  beixUcd  wketlt. 

If  a  motion  round  one  ajiis  is  to  be  cotninunicated  to 
(mother  axis  parallel  to  it,  spur  gear  is  generally  uaed. 
Thus  in  Jig.  105.,  the  three  axes  are  parallel  to  etch 
other.  If  amotion  round  one  axis  is  to  be  conununica- 
ted  to  another  at  right  angles  to  it,  a.  crown  wheel, 
working'  in  a  spur  pinion,  ob  in  Jig.  107.,  will  serve.  Or 
.the  same  object  may  be  obtained  by  two  bevelled  wheels, 
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teeth  could  be  accurately  shaped  according  to  mathe- 
matical principles,  and  the  materials  of  which  they  are 
formed  be  perfectly  uniform,  this  precaution  would  be 
less  necessary ;  but  as  slight  inequalities,  both  of  mate- 
rial and  form,  must  necessarily  exist,  the  effects  of  these 
should  be  as  far  as  possible  equalized,  by  distributing 
tfaem  through  every  part  of  the  wheeL  For  this  pur- 
pose it  is  usual,  especially  in  mill-work,  where  consider- 
able force  is  used,  so  to  regulate  the  proportion  of  the 
number  of  teeth  in  the  wheel  and  pinion,  that  the  same 
leaf  of  the  pinion  shall  not  be  engaged  twice  with  any 
one  tooth  of  the  wheel,  until  after  the  action  of  a  num- 
ber of  teeth,  expressed  by  the  product  of  the  number 
of  teeth  in  the  wheel  and  pinion.  Let  us  suppose  that 
the  pinion  contains  ten  leaves,  which  we  shall  denomi- 
nate by  the  numbers  1,  2,  3»  &c.,  and  that  the  wheel 
contains  60  teeth  similarly  denominated.  At  the  com- 
mencement of  the  motion  suppose  the  leaf  1  of  the  pin- 
ion engages  the  tooth  1  of  the  wheel ;  then  after  one 
revolution  the  leaf  1  of  the  pinion  will  engage  the  tooth 
11  of  the  wheel,  and  after  two  revolutions  the  leaf  1 
of  the  pinion  will  engage  the  tooth  21  of  the  wheel, 
and  in  like  manner,  after  3,  4,  and  5  revolutions  of  the 
pinion,  the  leaf  1  will  engage  successively  the  teeth  31, 

41,  and  51  of  the  wheel.  After  the  sixth  revolution,  the 
leaf  1  of  the  pinion  will  engage  the  tooth  1  of  the 
wheel.  Thus  it  is  evident,  that  in  the  case  here  sup- 
posed the  leaf  1  of  the  pinion  will  continually  be  en- 
gaged with  the  teeth  1,  11,  21,  31,  41,  and  51  of  the 
wheel,  and  no  others.  The  like  may  be  said  of  every 
leaf  of  the  pinion.  Thus  the  leaf  2  of  the  pinion  will 
be  successively  engaged  with  the  teeth  2, 12,  22,  32, 

42,  and  52  of  the  wheel,  and  no  others.  Any  acciden- 
tal inequalities  of  these  teeth  will  therefore  continually 
act  upon  each  other,  until  the  circumference  of  the 


wiieel  be  divided  into  peirti  of  ten  t«eUi  each,  uneqtuQf 
This  elTect  would  be  avoided  by  giving  ei 


Uie  wheel  < 
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e  tooth  leal 


Tbua.Euppose  the  whocl,  inatead  of  having  sixty  teelh, 
had  BLxty-one,  then  after  nix  revolutions  of  the  pinion  tke 
letf  1  of  tlie  pinion  wuuld  bo  en^'aged  with  the  tooth 
61  of  the  wheel  ;  and  ntler  one  revolution  of  the  wheel, 
the  lebf  S  of  the  pinion  would  be  engaged  with  tk 
tooth  1  of  the  wheel.  Thus,  during  the  firat  revolnlion 
of  the  wheel  the  lesf  I  of  the  pinion  would  be  suecet- 
Hivelj  engaged  with  the  teeth  1,  11, 21,  31,  41,  51,  tnd 
61  of  the  wheel :  at  the  commencement  of  the  secoad 
revolution  of  the  wheel  the  leaf  2  of  the  pinion  would 
be  engaged  witli  the  tnotJi  1  of  Che  wheel ;  and  during 
the  second  revolution  of  the  wheel  the  leaf  1  of  ll 
pinion  would  be  successively  engaged  with  the  t«eth 
10,20,311,40,  50,  and  I3U  of  the  wheel.  In  the  aanw 
manner  it  may  be  shown,  that  in  the  third  revolutioD  of 
the  wheel  the  leaf  1  of  the  pinion  would  be  successive!; 
engaged  with  the  teeth  9,  19,  29,  39,  49,  and  59  of  the 
wheel  i  dnririg  the  fourth  revolution  of  the  wheel  the 
leaf  ]  of  the  pinion  would  b' 


:ap.  xit.      watch  and  clock  wo&k.  >.    .  217 

indred  and  ten  times  upon  the  teeth  of  the  wheel, 
tfore  two  teeth  can  have  acted  twice  upon  each  other. 

The  odd  tooth  which  produces  this  effect  is  called  by 
dUwrights  the  hunting  cog, 

(265.)  The  most  familiar  case  in  which  wheel-work 
I  used  to  produce  and  regulate  motion  merely,  without 
ny  reference  to  weights  to  be  raised  or  resistances  to  be 
vercome,  is  that  of  chronometers.  In  watch  and  clock 
rork  the  object  is  to  cause  a  wheel  to  revolve  with  a 
jufbrm  velocity,  and  at  a  certain  rate.  The  motion  of 
bia  wheel  is  indicated  by  an  index  or  hand  placed  upon 
ts  axis,  and  carried  round  with  it  In  proportion  to  the 
mgih  of  the  hand  the  circle  over  which  its  extremity 
lays  is  enlarged,  and  its  motion  becomes  more  percept- 
ule.  This  circle  is  divided,  so  that  very  small  fractions 
f  a  revolution  of  the  hand  may  be  accurately  observed, 
n  most  chronometers  it  is  required  to  give  motion  to 
wo  hands,  and  sometimes  to  three.  These  motions 
noceed  at  different  rates,  according  to  the  subdivisions 
f  time  generally  adopted.  One  wheel  revolves  in  a 
oinute,  bearing  a  hand  which  plays  round  a  circle  di- 
ided  into  sixty  equal  parts ;  the  motion  of  the  hand 
tver  each  part  indicating  one  second,  and  a  complete 
evolution  of  the  hand  being  performed  in  one  minute. 
Lnother  wheel  revolves  once,  while  the  former  revolves 
jrty  times;  consequently  the  hand  carried  by  this 
heel  revolves  once  in  sixty  minutes,  or  one  hour. 
he  circle  on  which  it  plays  is,  like  the  former,  divided 
ito  sixty  equal  parts,  and  the  motion  of  the  hand  over 
ich  division  is  performed  in  one  minute.  This  is  gen> 
rally  called  the  minute  hand,  and  the  former  the  see- 

id  hand. 

A  third  wheel  revolves  once,  while  that  which  carries 
le  minute  hand  revolves  twelve  times ;  consequently 
118  last  wheel,  which  carries  the  hour  hand,  revolves  at 
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a  rate  twelve  tiinea  lea«  than  that  of  the  minute  htad, 
and  therefore  seven  handrad  and  twenty  limes  leai  Qwa 
the  second  hand.  We  shall  now  cndeavotir  to  explain 
the  manner  in  which  these  moliona  are  produced  lad 
regulated.  Let  A,  B,  C,  D,  E.  Jig.  J 10.,  reprewnt  i 
train  of  wheels,  and  a,h,c,d,  represent  their  pinions, 
t  heiog  a  cylinder  on  the  axis  of  the  wheel  £,  rcmnd 
which  a  rope  is  coiled,  sustaining  a  weight  W.  Lai 
the  effect  of  this  weight  tronamiUed  through  the  train 
of  wheels  be  opposed  by  a  power  P  acting  upon  tlw 
wheol  A,  and  let  this  power  be  supposed  to  be  of  sach  i 
nature  as  to  cause  the  weight  W  to  descend  with  i 
uniform  velocity,  and  at  any  proposed  rate.  The  wheel 
El  carries  on  its  circumference  eighty-four  teetli.  The 
wheel  D  carries  eighty  tectli  ;  the  wheel  C  is  aUofiir- 
nished  with  eighty  toeth,  an.i  the  wheel  B  with  seieti- 
ty-five.  The  piaions  d  und  c  are  each  iurnished  with 
twelve  leaves,  and  the  pinions  h  and  a  with  ten. 

If  the  power  at  P  be  so  regulated  as  to  allow  the 
wheel  A  to  revolve  once  in  a  minute,  with  n  uniform 
velocity,  a  band  attached   to  the  asii  of  Ihis  wheel  will 
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ne  revidution  of  the  wheel  E,  and  therefbre  the 
rkeel  E  wili  revolve  once  in  forty-six  hours  and  two 
fairdfl. 

On  the  axis  of  the  wheel  C  a  second  pinion  may  be 
ilttoed,  furnished  with  seven  leaves,  which  may  lead  a 
vfceel  of  «ighty-four  teeth,  so  that  this  wheel  shall  turn 
xwe  daring  -twelve  turns  of  the  wheel  C.  If  a  hand 
y^  fixed  o]K>n  the  axis,  this  hand  will  revolve  once  for 
iSevdutions  of  tiie  minute  hand  fixed  upon  the 
of  liie  wheel  C ;  that  is,  it  will  revolve  once  in 
tw«lfv«  liouTs.  If  it  play  upon  a  dial  divided  into 
bwelre  e^jnal  parts,  it  will  move  over  each  part  in  an 
hdur,  and  wHl  serve  the  purpose  of  the  hour  hand  of 
the  chronometer. 

W«  have  here  supposed  that  the  second  hand,  the 
nkiiAe  hand,  and  the  hour  hand  move  on  separate  dials. 
Thi%  h&weveitf  is  not  necessary,  the  axis  of  the  hour 
hand  is  commonly  a  tube,  inciOsing  within  it  that  of  the 
miHHite  hand,  so  that  the  same  dial  serves  for  both. 
Tke  second  hand,  however,  is  generally  furnished  with 
a  separate  dial. 

(5K6.)  We  shall  now  explain  the  manner  in  which  a 
power  is  applied  to  the  wheel  A,  so  as  to  regulate  and 
equalize  the  effect  of  the  weight  W.  Suppose  the 
wheel  A  furnished  with  thirty  teeth,  as  in  Jig.  111. ;  if 
nothing  check  the  motion,  the  weight  W  would  descend 
with  an  accelerated  velocity,  and  would  communicate  an 
accelerated  motion  to  the  wheel  A.  This  effect,  how- 
ever, is  interrupted  by  the  following  contrivance :  — 
L  M  is  a  pendulum  vibrating  on  the  centre  L,  and  so 
regnlated  that  the  time  of  its  oscillation  is  one  second. 
The  pallets  I  and  K  are  connected  with  the  pendulum, 
so  as  to  oscillate  with  it.  In  the  position  of  the  pendu- 
lum represented  in  the  figure,  the  pallet  I  stops  the 
motion  of  the  wheel  A,  and  entirely  suspends  the  a.c- 
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Uon  of  Uie  weight  W,  ^.  110.,  so  that  for  a  moment 
the  entire  machine  is  motionlesB.  The  weight  M,  bnr- 
erer,  falls  by  its  gravity  towards  the  lowest  poeition, 
find  disengages  the  pallet  I  troni  the  tooth  of  the 
wheel.  The  weight  W  begins  then  to  take  effect,  aid 
(he  wheel  A  turns  frnin  A  towards  Q.  Meanwhile  the 
pendulum  M  osciUatea  to  the  other  side,  and  the  piM 
K  tails  under  a  tooth  of  the  wheel  A,  and  checks  fori 
iDoment  its  further  motion.  On  the  returning  vibritkn 
the  pallet  fi  becomes  again  disengaged,  and  allowe  the 
tooth  of  the  wheel  to  escape,  and  by  the  influeoce  of 
the  weight  W  another  tooth  passes  before  the  mation 
of  the  wheel  A  ia  again  checked  by  the  iuterpoaitioDOf 
the  pallet  I. 

From  thia  explanation  it  will  appear  that,  in  twon- 
farations  of  the  pendulum,  one  tooth  of  the  wheel  A 
passes  the  pallet  I,  and  tlicrefore  if  the  wheel  A 
be  fiirnished  with  IJO  teeth,  it  will  be  allowed  to  make 
one  revolution  during  00  vibrations  of  the  pendulom. 
Tf,  tJierefore,  the  pendulum  be  regulated  so  as  to  vibr^e 
secoodB,  this    wlieel  will    revolve  once  in    a    minute. 
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the  gravity  of  the  weight  W  in  giving  motion  to  the 
machine  is  at  intervals  suspended,  yet  this  part  of  the 
force  is  not  lost,  heing,  during  these  intervals,  employed 
in  ^ving  to  the  pendulum  all  that  motion  which  it 
would  lose  hy  the  resistance  to  which  it  is  inevitably 
exposed. 

In  stationuy  clocks,  and  in  other  cases  in  which  the 
bulk  of  the  machine  is  not  an  objection,  a  descending 
weight  is  used  as  the  moving  power.  But  in  watches 
and  portable  chronometers,  this  would  be  attended  with 
evident  inconvenience.  In  such  cases,  a  spiral  spring, 
called  the  mainsprings  is  the  moving  power.  The  man- 
ner in  which  this  spring  communicates  rotation  to  an 
axis,  and  the  ingenious  method  of  equalizing  the  effect 
of  its  variable  elasticity  by  giving  to  it  a  leverage,  which 
increases  as  the  elastic  force  diminishes,  has  been  al- 
remdy  explained.  (255-) 

A  similar  objection  lies  against  the  use  of  a  pendulum 
in  portable  chronometers.  A  spiral  spring  of  a  similar 
kind,  but  infinitely  more  delicate,  called  a  hair  spring, 
ia  substituted  in  its  place.  This  spring  is  connected 
with  a  nicely  balanced  wheel,  called  the  hakmee  wkeel, 
which  plays  in  pivots.  When  this  weeel  is  turned  to 
a  certain  extent  in  one  direction,  the  hair  spring  is 
coiled  up,  and  its  elasticity  causes  the  wheel  to  recoil, 
and  return  to  a  position  in  which  the  energy  of  the 
spring  acts  in  the  opposite  direction.  The  balance 
wheel  then  returns,  and  continually  vibrates  in  the  same 
manner.  The  axis  of  this  wheel  is  furnished  with  pal- 
lets similar  to  those  of  the  pendulum,  which  are  alter- 
nately engaged  with  the  teeth  of  a  crown  wheel,  which 
takes  the  place  of  the  scapement  wheel  already  de- 
scribed. 

A  general  view  of  the  work  of  a  common  watch  is 
represented  in  Jig,  111.  it*.     A  is  the  balance  wheel 
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bearing  pallota  ft  p  upon  its  axis  j  C  is  the  crown  wheel, 
whoHe  tevth  arc  HufTc^recl  to  eocape  ■IteTDAtely  bj  tbtae 
pmllntii  in  the  manner  already  described  in  the  ecapemmt 
of  a  clock.  Oil  tlic  axis  of  the  crown  wheel  ie  placed  t 
pinion  d,  wliich  drives  another  crown  wheel  K.  On  the 
axis  of  tliis  is  placed  tJie  pinion  g,  which  plays  in  be 
teeth  of  tlic  tliird  wheel  L.  The  pinion  &  on  the  uds  of 
L  ia  enfia^l  wit!)  tlic  wheel  M,  called  the  centie 
wheel.  The  axle  of  tliia  wheel  is  carried  up  throufh 
the  centre  of  tlie  dial.  A  pinion  a  is  placed  upon  ii, 
which  works  in  tlie  frr'^at  wheel  N.  On  this  wheel  die 
mainspring  iiniiiedi;tU'ly  nct«.  OP  is  the  mainejMing 
stri^ied  of  it:i  barrel.  The  exia  of  the  wheel  M  pui- 
inic  through  tlic  centre  of  the  dial  ie  squared  at  the  end 
to  receive  the  rainute  liand.  A  second  pinksi  Q,  ii 
placed  upon  this  axle  which  drives  a  wheel  T.  On  the 
axln  of  tbia  u-jirel  a  pinion  g  \»  placed,  which  drirea  the 
hour  wheel  V.  This  wheel  is  placed  upon  a  tubular  axis, 
which  inrloRes  within  it  tlie  axis  of  the  wheel  it.  Tlui 
tubular   axis   poaaing-   through  the  centre   of  the   dial, 
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Oar  object  here  has  not  been  to  give  a  detailed  ac- 
ooimt  of  watch  and  clock  work,  a  subject  for  which  we 
nHut  refer  the  reader  to  the  proper  department  of  this 
wokk.  Snch  a  general  account  haa  only  been  attempted 
aa  may  explain  how  tooth  and  pinion  work  may  be  ap- 
I^ied  to  regulate  motion. 


CHAPTER  XV. 


OP  THE  PULLET. 


(d07.)  The  next  class  of  simple  machines,  which  pre* 
sent  themselves  to  our  attention,  is  that  which  we  have 
called  the  cord.  If  a  rope  were  perfectly  flexible,  and 
'were  capable  of  being  bent  over  a  sharp  edge,  and  of 
moving  upon  it  without  fHction,  we  should  be  enabled  by 
its  means  to  make  a  force  in  any  one  direction  overcome 
resistaxice,  or  communicate  motion  in  any  other  direc- 
tion. Thus  if  P,  fig,  112.,  be  such  an  edge,  a  perfectly 
flexible  rope  passing  over  it  would  be  capable  of  trans- 
mitting a  force  S  F  to  a  resistance  Q  R,  so  as  to  sup- 
port or  overcome  R,  or  by  a  motion  in  the  direction 
of  S  F  to  produce  another  motion  in  the  direction  R  Q. 
But  as  no  materials  of  which  ropes  can  be  constructed 
can  give  them  perfect  flexibility,  and  as  in  proportion 
to  the  strength  by  which  they  are  enabled  to  transmit 
force  their  rigidity  increases,  it  is  necessary,  in  prac- 
tice, to  adopt  means  to  remove  or  mitigate  those  effects 
which  attend  imperfect  flexibility,  and  which  would 
otherwise  render  cords  practically  inapplicable  as  ma- 
chines. 

n3 


<  WibtB  ft  cord  w  used  In  truumit  ■  ibice  fnHn  dh  4i-     1 
raction  to  another,  its  BtiffoeHB  rendere  some  foroa  ii»-    I 
cessuy  in  beading  it  over  the  angle  P,  which  the  fn 
dlrectioiu  form ;  and  if  the  angle  be  sharp,  the  eieilim    | 
of  such  >  furce  [nay  be  attended  with  the  niptme  of  tAt 
cord.     If,  instead  of  bending  the  rope  at  one  point  om 
■  single  uigle,  the  change  of  direction  were   produced 
by  BucceBsively  deflecting  it  over  scvernl  angles,  each  of 
which  would  be  less  Hliarptliiin  a  single  one  could  be, 
the   force  requisite  for  the  deflection,  aa   well  as   the 
liobilit;  of  rupturing  the   cord,  would  be    considenddj 
dimimslied.     But  this  end   will  be  etill   more   pecfeetl; 
attained  if  the  deftection  of  the   cord  be   produced  h; 
bending  it  over  tlie  surface  of  a  curse. 

If  a  rope  were  applied  only  to  sustain,  and  not  to 
move  a  weight,  this  wauld  be  auSicicnt  to  reioova  the 
inconveniences  arising  from  its  rigidity.  But  when  mo- 
tion is  to  bc!  produced,  the  rope,  in  passing  ovei  the 
curved  surface,  would  bo  subject  to  excessive  frictioii. 
and  consequently  to  rapid  wear.  This  inconvenience  is 
removed  by  causing  the  surfuce  on  whith  tJie  rape  nms 


lit tpwjwii  w the feroe  by  iriiich  itii 
oofc  ili  OBitiie  leiigtty  most  be  uiiilbiuL.    FVob  tlw 
dfifl^  and  tfaw  aknie,  sD  the  mecfauiical 
pidWya  any  be  deoved. 

AtdHmgiiy  M  ■Iready  expliined,  tibe  wbole 
•flkvey  of  tfaii  machine  dependi  on  the  ^nalitifs  of  tke 
eoBdy  and  not  on  tfaooe  of  the  Mock  and  aheanre,  vhick 
an  only  introdnced  to  remove  the  accidental  efleela  of 
■^iHyiiMa  and  fiiction;  jet  it  baa  been  naoal  to  five  the 
name  jwiffcjf  to  the  block  and  aheave,  and  a  mnJiination 
of  blocka,  aheavea,  and  lopea  ia  called  a  todUc. 

(909.)  When  the  rope  paaaea  over  a  aii^  wheel, 
which  ia  fixed  in  ita  poaition,  tminjlg,  110.,  the  "^^■■— 
ia  called  9.JbKd  puBetf.  Since  the  lenaian  of  the  eofd  ia 
aufom  tfarooi^ioat  ita  length,  it  followa,  that  in  tUa  aaa- 
chpw  the  power  and  wei^it  are  eqoaL  For  the  weight 
atretphea  that  part  of  the  cord  wliich  ia  between  the 
weight  and  pulley,  and  the  power  atretchea  that  pait 
between  the  power  and  the  pulley.  And  aince  the  ten- 
sion throughout  the  whole  length  ia  the  aame,  the  weight 
nmat  be  equal  to  the  power. 

Hence  it  appears,  that  no  mechanical  advantage  ia 
gained  by  thia  machine.    Neveitheleaa,  there  ia  acaree- 
ly  any  engine,  simple  or  complex,  attended  with  more 
convenience.    In  the  application  of  power,  whether  d 
men  or  aiiiinala,  or  arising  finom  natural  forces,  there  are 
alwayaaome  directions  in  which  it  may  be  exeitedto 
mnich  greater  convenience  and  adyantage  than  othera, 
and  in  many  cases  the  exertion  of  these  powers  ia  limit- 
ed to  a  single  direction.     A  machine,  therefore,  which 
enfkblea  us  to  give  the  most  advantageous  direction  to 
1h(d  moving  power,  whatever  be  the  direction  of  the  re- 
siatance  opposed  to  it,  conthbutos  as  much  practical  con- 
venience, as  one  which  enables  a  small  power  to  balaniM 
n4 
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or  overcome  a  great  weight  In  directing  the  poacr 
agaiiut  the  lesiirtance,  it  is  often  neeeesuy  to  obb  tM 
fiited  piillpya.  Thus,  in  elevating  a  weight  A,  Jig,  114^ 
to  the  BumiTiit  of  a  building,  by  the  Btiength  of  a  hma 
moving  below,  two  iixcd  pulleys,  B  and  C,  may  ba  luad. 
The  rope  ia  carried  from  A  over  the  pulley  B ;  tba  rvpt 
pasaea,  and  returning  downwards,  ia  brought  nnder  C, 
and  flnallj  drown  by  the  ajumal  on  the  horisontal  pliMi 
In  the  eame  manner  saila  are  apread,  and  flaga  bcusted  oB 
the  yard*  and  maata  of  a  ahip,  by  aailoia  pulling  amp* 
on  the  deck- 
By  means  of  t)ic  Axed  pulley  a  man  may  isiae  hmMetf 
to  a  considerable  height,  or  descend  to  any  pnipoeed 
depth.  If  he  be  {daeed  in  a  chair  or  bucket  attached  to 
one  end  of  a  lOpe  which  is  carried  ovei  t,  fixed  poltoyr 
bj  laying  hold  of  this  rope  on  the  other  aide,  as  npTC- 
santed  in  jtif.  115^  he  may,  st  will,  descend  to  adeptb 
equal  to  half  of  the  entire  length  oflhe  rape,  by  contimul- 
ly  yielding  tope  on  the  one  side,  and  depressing  the  bnck- 
etor  chair  by  his  weighton  the  other.  Fire-escapes luve 
been    constructed    on    this    principie,    the  fixed  pulley 
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(271.)  If  the  partB  of  the  cord  B  C  and  B^F  be  not 
piinila],  as  in^.  117^,  a  gpreater  power  than  half  the 
weight  ia  therefore  neceaaaiy  to  austain  iL  To  deter- 
mne  the  power  necesaaiy  to  aupport  a  given  weight,  in 
ihia  oaae  take  the  line  BA  in  the  vertical  direction, 
conawting  of  aa  many  inchea  aa  the  weight  consiata  of 
owioea  ;■  from  A  draw  A  D  parallel  to  B  C,  and  A  £ 
parallel  to  B  F ;  the  force  of  the  weight  repreaented  by 
A  B  will  be  equivalent  to  two  forcea  repreaented  by  B  D 
and  B  £.  (74.)  The  number  of  inches  in  theae  linea 
leapectively  will  represent  the  number  of  ouncea  which 
are  equivalent  to  the  tensions  of  the  parts  B  F  and  B  C 
of  the  cord.  But  aa  these  tensions  are  equal,  B  D  and 
B  £  muat  be  equal,  and  each  will  express  the  amount  of 
th?  power  P,' which  stretches  the  cord  nt  P  C. 

It  ia  evident  that  the  four  lines,  A  £,  £  B,  B  D,  and 
DA,  are  equaL  And  as  each  of  them  represents  the 
pqiwer,  the  weight  which  is  repreaented  by  AB  must 
be  lees  than  twice  the  power  which  is  represented  by 
A  £  and  £  B  taken  together.  It  follows,  therefore,  that 
aa  paits  of  the  ropes  which  support  the  weight  depart 
from  parallelism,  the  machine  becomea  less  and  less 
eflloacioua ;  and  there  are  certain  obliquities  at  which 
the  equilibrating  power  would  be  much  greater  than  the 
weight 

(973.)  The  mechanical  power  of  pulleys  admits  of 
being  almotit  indefinitely  increased  by  combination* 
Systems  of  pulleys  may  be  divided  into  two  claasea ; 
those  in  which  a  single  rope  is  used,  and  those  which 
consist  of  several  distinct  ropes.  Figs.  118.  and  119^ 
represent  two  systems  of  pulleys,  each  having  a  single 
rope.  The  weight  is  in  each  case  attached  to  a  movear 
hie  block,  B,  in  which  are  fixed  two  or  more  wheels ;  A 
is  a  fixed  block,  and  the  rope  is  successively  paased  over 
tbd  wheelA. above  and  below,  and,  after  passing  over  the 
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hit  wheel  above,  ia  ftttaehed  to  the  power.  The  ten- 
i^n  of  that  part  of  the  cord  to  which  the  power  ia  at- 
tached is  produoed  by  the  power,  and  therefore  eqnin- 
lent  to  it,  and  the  same  tension  mnst  extend  thTeu^hoot 
its  whole  length.  The  weight  is  austaiited  by  all  tboad 
parts  of  the  cord  which  pass  from  the  lower  block,  and 
Bfl  the  force  which  stretches  them  all  is  the  tame,  vift. 
that  of  the  power,  the  effect  of  the  weight  must  )w 
equally  distributed  among  them,  their  directiDiiB  being 
supposed  to  be  peralleL  It  will  be  evident,  from  tUt 
Teasoning,  that  the  weight  will  be  as  many  timea  greater 
than  the  power,  aa  the  number  of  cords  which  aupport 
the  lower  block.  Thus,  if  there  be  aix  cord«,  each  eotd 
win  support  a  aixth  part  of  the  weight,  that  ia,  the  welgbt 
will  be  ail  limes  the  tension  of  the  ccod,  or  aix  times  thA 
powei.'  In  Jig,  US.  the  cord  is  reprennted  as  himg 
finally  attached  to  a  hook  on  the  upper  block.  Bat  it 
may  be  carried  over  an  additional  wheel  fixed  in  that 
block,  and  finally  attached  to  a  book  in  the  lower  block, 
as  in  Jig.  119^  by  which  one  will  be  added  to  the  power 
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lower  block,  and  below  them  in  the  upper.  Fig.  120. 
rei^sents  Smeaton's  blocks  without  the  rope.  The 
wheelfli  are  marked  with  the  numbers  1,  2, 3,  &c^  in  the 
order  in  which  the  rope  is  to  be  passed  over  them.  As 
in  this  pulley  20  distinct  parts  of  the  rope  support  the 
lower  block,  the  weight,  including  the  lower  block,  will 
be  20  times  the  equilibrating  power. 

(374.)  In  all  these  systems  of  pulleys,  every  wheel  has 
a  separate  axle,  and  there  is  a  distinct  wheel  for  every 
turn  of  the  rope  at  each  block.  Each  wheel  is  attended 
with  friction  on  its  axle,  and  also  with  friction  between 
the  sheave  and  block.  The  machine  is  by  this  means 
robbed  of  a  great  part  of  its  efficacy,  since,  to  overcome 
the  friction  alone,  a  considerable  power  is  in  most  cases 
necevsary. 

An  ingenious  contrivance  has  been    suggested,  by 
which  all  the  advantage  of  a  large  number  of  wheels 
may  be  obtained  without  the  multiplied  friction  of  dis- 
tinct sheaves  and  axles.     To  comprehend  the  excel- 
lence of  this  contrivance,  it  will  be  necessary  to  consider 
the  rate  at  which  the  rope  passes  over  the  several  wheels 
of  such  a  system,  as  Jig,  118.    If  one  foot  of  the  rope 
6  F  pass  over  the  pulley  F,  two  feet  must  pass  over  the 
pulley  F,  because  the  distance  between  F  and  E  being  ■ 
shortened  one  foot,  die  total  length  of  the  rope  Q  F  £ 
must  be  shortened  two  feet     These  two  feet  of  rope 
must  pass  in  the  direction  E  D,  and  the  wheel  D,  rising 
one  foot,  three  feet  of  rope  must  consequently  pass  over 
it.     These  three  feet  of  rope  passing  in  the  direction 
D  C,  and  the  rope  D  C  being  also  shortened  one  foot  by 
the  ascent  of  the  lower  block,  four  feet  of  rope  must 
pass  over  the  wheel  C.     In  the  same  way  it  may  be 
shown  that  five  feet  must  pass  over  B,  and  six  feet  over 
A.     Thus,  whatever  be  the  number  of  wheels  in  the 
upper  and  lower  blocks,  the  parts  of  the  lope  which  pass 
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in  die  Bune  time  over  the  irheels  in  the  lower  block  an 
in  the  proportion  of  the  odd  niunbers  1 ,  3,  S,  &,c. ;  uid 
those  which  pass  over  the  wheels  in  the  upper  block  in 
the  Bftme  time,  are  as  the  even  ntunbeiB  2,  4,  6,  &c.  IF 
the.  irheelB  were  bU  of  equal  size,  as  m^fig,  119.,  thej 
woulil  revolve  with  velocitiea  proportionaJ  to  the  rate  it 
which  the  rope  pcisses  over  them.  So  that,  while  tbe 
fiiBt  wheel  below  revolver  once,  the  liist  wheel  abore 
will  revolve  twice;  the  second  wheel  below  three  tinui; 
the  second  wheel  above,  four  times,  and  so  on.  K 
however,  the  wheels  differed  in  aize  in  proportion  totlie 
quantity  of  rope  which  must  pass  over  them,  they  would 
evidently  revolve  in  tlie  same  time.  Thus,  if  the  fint 
wheel  above  were  twice  the  size  of  the  first  wheel  be- 
low, one  revolution  would  throw  off  twice  the  quanti^ 
of  rope.  Again,  if  the  second  wlieel  below  were  thike 
the  size  of  the  first  -wheel  below,  it  would  throw  offii 
one  revolution  thrice  the  quantity  of  rope,  and  ao  on. 
Wheels  thus  proportioned,  revolving  in  exactly  the 
!,  might  be  all  placed  on   one  axle,  and  would 
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on  the  other  hand,  it  has  corresponding  disadvantages 
which  greatly  circumscribe  its  practical  utility.  In  the 
workmanship  of  the  grooves  great  difficulty  is  found  in 
giving  them  the  exact  proportions.  In  doing  which,  the 
thickness  of  the  rope  must  be  accurately  allowed  for ; 
and  consequently  it  follows,  that  the  same  pulley  can 
never  act,  except  with  a  rope  of  a  particular  diameter. 
A  veiy  slight  deviation  from  the  true  proportion  of  the 
grooves  will  cause  the  rope  to  be  imequally  stretched, 
and  will  throw  on  some  parts  of  it  an  undue  propor- 
tion of  the  weight,  while  other  parts  become  nearly, 
and^sometunes  altogether  slack.  Besides  these  defects, 
the  rope  is  so  liable  to  derangement  by  being  thrown  out 
of  the  grooves,  that  the  pulley  can  scarcely  be  consid- 
ered portable. 

For  these  and  other  reasons,  this  machine,  ingen- 
ious as  it  unquestionably  is,  has  never  been  extensively 
Dsed. 

(375.)  In  the  several  systems  of  pulleys  just  ex- 
plained, the  hook  to  which  the  fixed  block  is  attached 
anpports  the  entire  of  both  the  power  and  weight. 
When  the  machine  is  in  equilibrium,  the  power  only  sup- 
ports so  much  of  the  weight  as  is  equal  to  the  tension 
of  the  cord,  all  the  remainder  of  the  weight  being 
thrown  on  the  fixed  point,  according  to  what  was  ob- 
served in  (225.) 

If  the  power  be  moved  so  as  to  raise  the  weight,  it 
will  move  with  a  velocity  as  many  times  greater  than 
that  of  the  weight,  as  the  weight  itself  is  greater  than 
the  power.  Thus  in  Jig,  118.,  if  the  weight  attached 
to  the  lower  block  ascend  one  foot,  six  feet  of  line  will 
pass  over  the  pulley  A,  according  to  what  has  been  al- 
ready proved.  Thus,  the  power  will  descend  through 
six  feet,  while  the  weight  rises  one  foot  But,  in  this 
case,  the    weight  is    six   times  the  power.     All   the 
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obwivalions  in  {3SIG,)  will  therafiire  be  ipidiciUe  to  the 
CUM  of  gnat  we.ifibta  raised  faj  Bnall  powers  by  mbmi 
of  the  HjHtcni  nf  pollo.VB  juat  dcKiibcd. 

(97(1.)  Wlicn  two  or  nioro  rope*  are  uaed,  pulleys  mi; 
be  cooibiiicd  in  vaiious  ways  so  u  to  pniddcc  any  dcfite 
of  mechuiiral  effect.  If  to  uiy  of  the  systems  dnady 
described  a  HitiRlc  mnvcable  pulley  be  added,  the  power 
of  the  machine  would  be  doubled.  In  this  case,  flit 
Becond  rope  is  attached  to  the  book  of  the  lower  block, 
as  in  Jlf!-  ISll^  and  being  conied  through  a  moreibk 
pulley  attached  to  the  weigbt,  it  is  finally  brought  ap> 
a  filed  puinL  The  tension  of  the  second  tsoti  is  e^ 
to  halfthe  weight  (370.);  and  dierefore  the  power  P,br 
means  of  the  tirat  cord,  will  have  only  hdf  the  ieaka 
which  it  would  have  if  the  weight  were  attaiefaed  to  the 
lower  block.     A  moveable  pulley  ^us  i|^>lied  is  caHed  i 

(377.)  Two  Hystcnui  of  pulleys,  called  Spanish  barlait, 
having  each  two  ropes,  are  represont^  in  j^.  I93L    The   , 
tsumon  of  the  rope  P  A  B  C  in  the  HtbI  system  m  eqml 
to  the  power;     and  thercfOTe  the  ports  BA  and  BC 
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A  single  rope  may  be  so  arranged  with  one  moveable 
polley  as  to  support  a  weight  equal  to  three  times  the 
power.  In^.  1S4.  this  arrangement  is  represented, 
where  the  numbers  sufficiently  indicate  the  tension  of 
the  n^,  and  the  proportion  of  the  weight  and  power. 
In^.  125.  another  method  of  producing  the  same  effect 
with  two  ropes  b  represented. 

(378.)  If  several  single  meveable  pulleys  be  made 
flaccesaively  to  act  upon  each  other,  the  efiect  is  doubled 
by  eveiy  additional  pulley :  such  a  system  as  this  is  rep- 
resented in  Jig,  126.  The  tension  of  the  first  rope  is 
equal  to  the  power  $  the  second  rope  acts  against  twice 
the  tension  of  the  first,  and  therefore  it  is  stretched  with 
a  focce  equal  to  twice  the  power :  the  third  rope  acts 
against  twice  this  tension,  and  therefore  it  is  stretched 
with  a  force  equal  to  four  times  the  power,  and  so  on. 
In  the  system  represented  in  fig,  126.  there  are  three 
ropes,  and  the  weight  is  eight  times  the  power.  Anoth- 
er rope  would  render  it  sixteen  times  tlie  power,  and 

so  on. 

In  this  system,  it  is  obvious  that  the  ropes  will  require 
to  have  different  degrees  of  strength,  since  the  tension  to 
which  they  are  subject  increases  in  a  double  proportion 
from  the  power  to  the  weight. 

(279.)  If  each  of  the  ropes,  instead  of  being  attached 
to  fixed  points  at  the  top,  are  carried  over  fixed  pulleys, 
and  attached  to  the  several  moveable  pulleys  respective- 
ly, is  in  fig.  127.,  the  power  of  the  machine  will  be 
greatly  increased ;  for  in  that  case  the  forces  which 
vtretch  the  successive  ropes  increase  in  a  treble  instead 
of  a  double  proportion,  as  will  be  evident  by  attending  to 
the  nmnbers  which  express  the  tensions  in  the  figure. 
One  rx>pe  would  render  the  weight  three  times  the  pow- 
er. Two  ropes  nine  times.  Three  ropes  twenty-seven 
times,  and  so  on.    An  arrangement  of  pulleys  is  repre- 
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aeuted  ia^.  138^  by  which  each  rope,  instead  of  bnog 
finally  Ut&ched  to  a  fixed  point,  as  in  ^.  136^  ia  attached 
to  the  weight  The  weight  is  in  this  case  supported  by 
three  ropes ;  one  stretched  with  a  force  equal  to  the 
power ;  another  wit]i  a  force  equal  to  twice  the  power } 
and  a  third  with  a  force  equal  to  four  times  the  power. 
The  weight  is  therefore,  in  this  case,  aeven  times  the 

(380.)  If  the  ropes,  ineteBil  of  being  attached  to  the 
weight,  pass  through  wheels,  as  in  ^,  139^  and  aie 
finally  attached  to  the  pulicys  above,  the  power  of  the 
macMno  will  be  considerably  increased.  In  the  Byilem 
hero  roiiresented,  the  weight  is  twenty-six  tiuics  the 
power. 

(281.)  In  considering  these  several  combinationi  of 
pulicys,  we  hare  omitted  to  estimate  the  effects  produced 
by  the  weights  of  the  sheaves  and  blocks.  Without  en- 
tering into  the  details  of  this  compntatioD,  it  may  be 
observed  generally,  that  in  the  systems  represented  in 
Jiga.  126.  127.  the  weight  of  the  wheel  and  blocks  acta 
against  the  power ;   but  that  in  Jigt.  126.  and  139.  they 
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W  power,  and  by  it  the  power  gning  tennoo  to  the  fint 
n^  suftains  a  part  of  the  weight  equal  to  iaelL  The 
fint  hook  siistams  a  portion  of  the  weight  eqoai  to  the 
temiom  of  the  first  string,  or  to  the  power.  The  second 
hook  MUtains  a  force  eqoal  to  twice  the  power :  and  the 
third  hack  aostains  a  force  equal  to  foor  times  the  power. 
The  tihree  hooks  therefore  sustain  a  portion  of  tin 
weight  equal  to  seven  times  the  power ;  and  the  weight 
itaelf  being  eight  times  the  power,  it  is  evident  that  the 
part  of  the  weight  which  remains  to  be  supported  by  the 
power  is  equal  to  the  power  itself. 

(283L)  When  a  wei^t  is  raised  by  any  of  the  systems 
of  pnUeys  which  have  been  last  described,  the  proportion 
between  the  velocity  of  the  weight  and  the  velocity  of 
die  power,  so  frequently  noticed  in  other  machines,  wiH 
always  be  observed.  In  the  system  of  pulleys  represent- 
ed in  Jig.  196.,  the  weight  being  eight  times  the  power, 
the  velcxnty  of  the  power  will  be  eight  times  that  of  the 
weight.  If  the  power  be  moved  through  eight  feet,  that 
pert  of  the  rope  between  the  fixed  pulley  and  the  first 
nxyveable  pulley  will  be  shortened  by  eight  feet  And 
since  the  two  parts  which  lie  above  the  first  moveable 
pulley  must  be  equally  shortened,  each  will  be  dimin- 
ished by  four  feet ;  therefore  the  first  pulley  will  rise 
through  four  feet,  while  the  power  moves  through  eight 
feet.  In  the  same  way  it  may  be  shown,  that  while 
the  first  pulley  moves  through  four  feet,  the  second 
moves  through  two;  and  while  the  second  moves 
thioagh  two,  the  third,  to  which  the  weight  is  at- 
attached,  is  raised  through  one  foot.  While  the  power, 
therefore,  is  carried  through  eight  feet,  the  weight  is 
moved  through  one  foot. 

By  reajBoning  similar  to  this,  it  may  be  shown  that  the 
■pace  through  which  the  power  is  moved  in  every  case  is 
is  tumy  times  greater  than  the  height  through  which 
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tbtt  weight  ia  luaed,  as   the  weight  U  greftter  Ihutbi 
power. 

(284.)  From  its  portnble  fonn,  cheapness  of  constnic- 
tion,  and  the  facility  nith  wliich  it  may  be  applied  is 
almost  every  Bituation,  the  pulley  is  one  of  the  meO. 
useful  of  the  simple  aiachiDea.  The  meckanicid  td- 
vanlage,  however,  which  it  appears  iu  theory  to  possess  is 
ccauiderably  diminislieti  in  practice,  owing  to  the  ati& 
nees  of  the  cordage,  anil  tlie  friction  of  the  wheels  ud 
blocks.  By  this  mean^  it  is  computed  that  in  mosl 
cases  BO  great  a  proportion  as  two  tlurds  of  the  pow- 
er is  lost.  The  pulley  is  much  used  in  buDding,  where 
weights  are  to  be  elevoted  to  great  heights.  BqI  ils 
most  extensive  application  is  found  in  the  rigging  of 
ships,  where  almost  every  motion  is  accomplished  by  its 

(285.)  In  all  the  examples  of  pulleys,  we  have  sup- 
posed the  parts  of  the  rope  sustaining  the  weight  and 
each  of  the  moveable  pulleys  to  be  parallel  to  ew^ 
other.  If  they  be  subject  to  considerable  obliquity,  lln 
relative  tensions  of  the  different  ropes  i 
ted  according  to  the  principle  applied  in  (271.) 


lie  weight  is  leaifled  bj  the  pliae.  aad  jMudocg*  a 
mre  upon  it ;  and  the  renninder  mge*  tiae  vei^bx  dctvn 
he  plane,  and  would  prodiice  a  pr^sffizre  a^ihiA  isr 
mrftce  resisting  its  iDoti->D  plwced  ia  a  directioD  pezpes- 
licular  to  tiie  plane  (131.} 

Let  A  B,^.  130^  be  such  a  plane.  B  C  its  hoRBcn- 
al  base,  A  C  its  height,  and  A  B  C  its  angle  of  eleratiaB. 
[■et  W  be  a  weight  placed  upon  it.  This  wei^it  acts 
n  the  Teitieal  direction  W  D.  and  is  eqcdTalem  to  two 
forces,  WF  peipendjcnlar  to  the  plane,  and  WE  di- 
rected down  the  plane  (74.)  If  a  plane  be  placed  at 
right  angles  to  the  iDclined  plane  below  W,  it  wiH  resist 
the  descent  of  the  weight,  and  sustain  a  pressure  ex- 
pressed by  W  £.  Thus,  tiie  weight  W  resting  in  the 
comer, -instead  of  producing  one  pressure  in  the  direc- 
tion W  D,  wiU  produce  two  pressures,  one  expressed  by 
W  F  upon  the  inclined  plane,  and  the  other  expressed 
by  W  E  upon  the  resisting  plane.  These  pressures  re- 
spectively have  the  same  proportion  to  the  entire  weight 
as  W F  and  WE  have  to  W D,  or  as  D E  and  W E 
have  to  W  D,  because  D  £  is  equal  to  W  F.  Now  the 
triangle  W  E  D  is  in  all  respects  similar  to  the  triangle 
ABC,  the  one  differing  irom  the  other  only  in  the  scale 
on  which  it  is  constructed.  Therefore,  the  three  lines 
A  C,  C  B,  and  B  A,  are  in  the  same  proportion  to  each 
other  as  the  lines  W  E,  E  D,  and  W  D.  Hence,  A  B 
has  to  AC  the  same  proportion  as  the  whole  weight 
has  to  the  pressure  directed  toward  B,  and  A  B  has  to 
BC  the  same  proportion  as  the  whole  weight  has  to 
the  pressure  on  the  inclined  plane. 

We  have  here  supposed  the  weight  to  be  sustained 
upon  the  inclined  plane  by  a  hard  plane  fixed  at  right 
angles  to  it.  But  the  power  necessary  to  sustain  the 
weight  will  be  tlie  same  in  whatever  way  it  is  applied, 
provided  it  act  in  the  direction  of  the  plane.    Thus,  a 
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coid  111117  be  attached  to  the  weight,  oad  Btretched  to- 
wards A,  or  the  hands  of  men  may  be  applied  to  &b 
weight  below  it,  so  as  to  resiet  its  descent  towaidsB. 
But  in  whatever  way  it  be  applied,  the  amouiit  of 
the  power  will  be  determined  in  the  Bame  mannw. 
Suppose  tlie  weight  to  consiet  of  as  many  pounds  u 
there  are  inches  in  A  B,  then  the  power  requisite  Id 
sustain  it  upon  the  plane  will  consiat  of  ai  miqr 
pounds  as  there  are  inches  in  A  C,  and  the  pceaann  on 
the  plane  will  amount  to  as  many  pounds  as  there  tie 
inches  in  B  C. 

From  what  has  been  stated  it  may  easily  be  inferted 
that  the  leas  the  elevation  of  the  plane  is,  the  leaa  will 
be  the  power  requisite  to  sustain  a  given  weight  uponil, 
and  the  greater  will  be  the  pressure  upon  it.  BuppcM 
the  inclined  plane  A  B  to  turn  upon  a  hinge  at  B,  and  to 
be  depressed  so  that  ite  angle  of  elevation  shall  be  b' 
minisbed,  it  is  evident  that  as  this  angle  decreaaei  the 
height  of  the  plane  decreases,  and  its  base  increaui. 
Thus,  when  it  takes  the  position  B  A',  the  height  A'  C 
is  less  than  the  former  height  A  C,  while  the  base  B  C  ii 
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Roads  whicE  are  not  level  may  be  regarded  as  inclined 
planes,  and  loads  drawn  upon  them  in  carriages,  con- 
sidered in  reference  to  the  powers  which  impel  them,  are 
subject  to  all  the  conditions  which  have  been  established 
for  inclined  planes.    The  inclination  of  the  road  is  esti- 
mated by  the  height  corresponding  to  some  proposed 
length.    Thus  it  is  said  to  rise  one  foot  in  fifteen,  one 
foot  in  twenty,  &.C.,  meaning  that  if  fifteen  or  twenty 
feet  of  the  road  be  taken  ^as  the  length  of  an  inclined 
plane,  such  as  A  B,  the  corresponding  height  will  be  one 
foot.     Or  the  same  may  be  expressed  thus:    that   if 
fifteen  or  twenty  feet  be  measured  upon  the  road,  the 
difierence  of  the  levels  of  the  two  extremities  of  the 
distance    measured   is    one    foot      According   to  this 
method  of  estimating  the  inclination  of  roads,  the  power 
requisite  to  sustain  a  load  upon  them  (setting  aside  the 
effect  of  friction),  is  always  proportional  to  that  eleva- 
iiojL,    Thus,  if  a  road  rise  one  foot  in  twenty,  a  power 
of  one  ton  will  be  sufficient  to  sustain  twenty  tons,  and 
80  on. 

On  a  horizontal  plane  the  only  resistance  which  tlie 
power  has  to  overcome  is  the  friction  of  the  load  with 
the  plane,  and  the  consideration  of  this  being  for  the 
present  omitted,  a  weight  once  put  in  motion  would  con- 
tinue moving  for  ever,  witliout  any  further  action  of  the 
power.  But  if  the  plane  be  inclined,  the  power  will  be 
expended  in  raising  the  weight  through  the  perpendicu- 
lar height  of  the  plane.  Thus,  in  a  road  which  rises 
one  foot  in  ten,  the  power  is  expended  in  raising  the 
weight  through  one  perpendicular  foot  for  every  ten  feet 
of  the  road  over  which  it  is  moved.  As  tlie  expenditure 
of  power  depends  upon  the  rate  at  which  the  weight  is 
xaised  perpendicularly,  it  is  evident  that  the  greater  the 
inclination  of  the  road  is,  the  slower  the  .motion 
must  be  i^ith  the  same   force.     If  the  energy  of  the 
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powsT  be  nich  u  to  nlae  the  weight  at  the  nte  «f 
one  foot  per  minute,  the  weight  ma;  be  moved  in  eieh 
minute  through  that  length  of  the  road  which  conc- 
Bponds  to  a  rise  of  one  foot  Thus,  if  two  roada  tIm 
one  at  the  rate  of  a  foot  in  fifteen  feet,  and  the  other  it 
the  rate  of  one  foot  in  twenty  feet,  the  same  expen- 
diture of  pover  will  move  the  weight  through  flftaen 
feet  of  the  one,  and  twenty  feet  of  the  other  at  the  Mm 
rate. 

From  such  conaiderationa  aa  these,  it  will  readily  f- 
pear  that  it  may  often  be  more  expedient  to  cany  ■ 
road  through  a  circuitous  route  than  to  continue  it  in  llic 
most  direct  course ;  for  though  the  measured  length  . 
of  road  may  be  considerably  greater  than  the  fomer 
case,  yet  more  may  be  gained  in  speed  with  the  sanw 
expenditun  of  power  than  b  lost  by  the  incieue  of 
distance.  By  attending  to  these  circuuMtancea,  modem 
road-makera  have  greatly  ftcilitated  and  esqtedited  the 
intercourse  between  distant  places. 

(S8S.)  If  the  power  act  oblique  to  the  plane,  it  wiD 
have  a  twofold  efibct ;  a  part  being  expended  in  support- 
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the  weight  may,  in  this  case,  be  found  a&foUowB.  Take 
W  £'  equal  to  W  E,  and  draw  E^  P  perpendicular  to  the 
plane,  and  meeting  the  direction  of  the  power.  The 
proportion  of  the  power  to  the  weight  will  be  that  of 
W  P  to  W  D.  And  the  proportion  of  the  pressure  to 
the  weight  will  be  that  of  the  difference  between  W  F 
■nd  W  F'  to  W  D.  If  the  amount  of  the  power  have 
a  leas  proportion  to  the  weight  than  W  P  has  to  W  D,  it 
will  not  support  the  body  on  the  plane,  but  will  allow  it 
to  descend.  And  if  it  had  a  greater  proportion,  it  will 
draw  the  weight  up  the  plane  towards  A. 

(389.)  It  sometimes  happens  that  a  weight  upon  one 
indiiied  plane  is  raised  or  supported  by  another  weight 
upon  another  inclined  plane.  Thus,  if  A  Band  AB', 
Jlg^  181.,  be  two  inclined  planes  forming  an  angle  at  A, 
and  W  W  be  two  weights  placed  upon  these  planes, 
And  connected  by  a  cord  passing  over  a  pulley  at  A,  the 
one  weight  will  either  sustain  the  other,  or  one  will 
descend,  drawing  the  other  up.  To  determine  the  cir* 
cnmstances  under  which  these  efiects  will  ensue,  draw 
Ihe  lines  W  D  and  W  IK  in  the  vertical  direction,  and 
take  upon  them  as  many  inches  as  there  are  ounces  in 
the  weights  respectively.  W  D  and  W  D*  being  the 
lengths  thus  taken,  and  therefore  representing  the 
weights,  the  lines  W  E  and  W  E'  will  represent  the 
efibctB  of  these  weights  respectively  down  the  planes* 
If  W  E  and  W  E'  be  equal,  the  weight  will  sustain 
each  other  without  motion.  But  if  W  E  be  greater  than 
W  E',  the  weight  W  will  descend,  drawing  the  weight 
W  up.  And  if  W  E'  be  greater  than  W  E,  the  weight 
W  wtM  descend,  drawing  the  weight  W  up.  In  every 
case  the  lines  W  F  and  W  F'  wiU  represent  the  pres- 
sures upon  the  planes  respectively. 

It  is  not  necessary,  for  the  effect  just  described,  that 
the  inclined  planes  should,  as  represented  in  the  figure, 
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(aim  u  angle  irith  each  other.  They  may  b«  paitlld, 
«r  In  u;  otheT  poRition,  the  rope  being  cmied  anr  i 
sufficient  number  of  wheels  placed  so  as  to  gire  il 
the  neceixary  deflection.  This  method  of  mofing 
looda  is  frequently  applied  in  great  public  works  when 
imil-roads  are  used.  Loaded  waggoiu  deaeend  odb 
inclined  plane,  while  other  waggons,  either  emp^  orw 
loaded  as  to  permit  the  Jesccni  of  those  with  which  thej 
are  connected,  are  drnwn  up  the  other. 

{HIM.)  In  the  applicstian  of  the  inclined   plane  which 
we  have  hitherto  noticed,  the  machine  itself  is  suppoaei 
to  be  fixed  in  its  position,  while  the   weig^ht  orload  i> 
moved  upon  it     But  it   frequently  happens  that  reaiit- 
aoces  are  to  be  overcome  which  do  not  admit  t^j  he  thus 
moved.     In  such  cases,  iostuad  of  moving  the  load  upon   ' 
the  planes,  the  plane  is  to  he  moved  under  or  agaiiut  the 
load.     Let  D  E,  ^,  132.,  be  a  heavy  beam  secured  is  i   i 
vertical  position  between  guides  F  G  and  H  I,  so  thai  ' 
it  is  free  to  move  upwards  and  downwards,  but  not  lat- 
erally.     Let  A  B  C  be  an  inclined  plane,  the   extremitj 
of  which  is  placed  beneath  the  end  of  the   beam.    A 
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The  tfaeofvetical  estimatiQii  of  tlie  power  of  this  w»«^*"«* 
!■  not  aiq[dicable  in  practice  with  any  degree  of  accnm- 
cy.  This  is  in  pait  owing  to  the  enonnoos  propoition 
which  the  fiirtion  in  most  cases  heais  to  the  theoret- 
ical  valoe  of  the  power,  but  still  more  to  the  natnie  of 
the  power  generally  nsed.  The  force  of  a  blow  is  of  a 
oatme  so  whc^y  difieient  firom  continued  forces,  such  as 
the  pressure  of  weights,  or  the  resistance  offered  by  the 
cohesion  of  bodies,  that  they  admit  of  no  numeiical 
compuiBan.  Hence  we  cannot  properly  state  the  pro- 
portion which  the  force  of  a  blow  bears  to  the  amount  of 
a  weight  or  resistance.  The  wedge  is  almost  invaiiahly 
uiged  by  percussion ;  while  the  resistances  which  it  has 
to  overcome  are  as  constantly  forces  of  the  other  kind. 
Althoogh,  however,  no  exact  numerical  comparison 
can  be.  made,  yet  it  may  be  stated  in  a  general  way  that 
the  wedge  is  more  and  more  powerful  as  its  angle  is 
more  acute. 

In  the  arts  and  manufactures,  wedges  are  used  where 
enormous  force  is  to  be  exerted  through  a  very  small 
space.    Thus  it  is  resorted  to  for  splitting  masses   of 
timber  or  stone.    Ships  are  raised  in  docks  by  wedges 
driven  under  their  keels.    The  wedge  is  the  principal 
agent  in  the  oil-mill.    The  seeds  from  which  the  oil  is  to 
be  extracted  are  introduced  into  hair  bags,  and  placed 
between  planes  of  hard  wood.    Wedges   inserted  be- 
tween the  bags  are  driven  by  allowing  heavy  beams  to 
fidl  on  them.    The  pressure  thus  excited  is  so  intense, 
that  the  seeds  in  the  bags  are  formed  into  a  mass  nearly 
Ma  solid  as  wood. 

Instances  have  occurred  in  which  the  wedge  has  been 
iji«ed  to  restore  a  tottering  edifice  to  its  perpendicular 
position.  All  cutting  and  piercing  instruments,  such  as 
kidvep,  razors,  scissors,  chisels,  &c.,  nails,  pins,  needles^ 
awls,  &c.  are  wedges.     The  angle  of  the  wedge,  in 
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fbim  u  vi^e  with  ekch  other.  Th«y  nwy  be  pmlM, 
M  ID  any  otlicr  poaition,  the  rope  bein;  carried  orer  t 
■ufficient  number  of  whceli  placed  so  oa  to  gin  it 
the  Dcceiaaiy  deflection.  This  metiiod  of  moring 
loada  ia  frequently  appliixl  in  gre&t  public  works  lAeit 
imil-Toada  are  used.  Loaded  vaggvna  deacoad  ine 
inclined  plane,  while  other  waggons,  either  emptj  oim 
loaded  ai  to  permit  the  descent  of  those  with  which  thef 
are  connected,  are  drawn  up  the  other. 

(990.)  In  the  application  of  the  inclined  plane  which 
we  have  hitliorto  noticed,  the  machine  itself  ia  supposed 
to  be  fixed  in  its  position,  while  the  weight  or  load  ii 
moved  upon  it  But  it  frequently  happens  that  rani- 
ances  are  to  he  overcome  which  do  not  adinit  to  be  thm 
moved.  In  such  cases,  instead  of  moving  the  load  npoi 
the  planes,  the  plane  is  to  he  raored  under  or  againit  tha 
load.  Let  D  G,  fig.  IdS^  be  a  heavy  beam  secured  n  i 
veitical  position  between  guides  FG  and  HI,  m  tbtf 
it  is  free  to  move  upwards  and  downward!,  but  not  lat 
etally.  Let  A  B  C  be  an  inclined  plane,  the  eztmai^ 
of  which  is  placed  beneath  the  end  of  the  beam.    A 
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if  move  hMe  to  iBtenninioii  than  in  the  eisei  where 
lelchet  wheeb  are  generally  used. 

{99BL)  When  a  road  directly  ascends  the  aide  of  a  hQl, 
it  18  to  he  conaidered  as  an  inclined  plane ;  hot  it  will  not 
loae  ila  mechanical  character,  if^  instead  ai  directly  a»- 
eending  towards  the  top  of  the  hill,  it  winds  aoccessively 
round  it,  and  gxadoally  ascends  so  as  after  several 
ravoliitions  to  reach  the  tc^  In  the  same  manner  a  path 
nmj  he  conceived  to  surround  a  pillar  hy  which  the  as- 
cent may  he  ftcilitated  iqwn  the  principle  of  the  inclined 
plane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  fw  ahhoughthe 
ascent  he  produced  hy  successive  steps,  yet  if  a.  floor 
could  he  made  sufficiently  rough  to  prevent  the  feet 
ftom  slipping,  the  ascent  would  be  accomplished  widi 
equal  fiicili^.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  fonn 
as  to  accommodate  it  to  Uie  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  he 
difficult  to  trace  the  resemblance  between  such  an  adapt- 
ation of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  is  nothing  more  than  an  inclined 
plane  constructed  upon  the  surface  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig.  135.,  be  a  common  round 
ruler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
form  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  £ 
of  the  paper  be  marked  with  a  broad  black  line :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
thereto,  let  the  paper  be  rolled  round  the  ruler ;  the 
ruler  will  -then  present  the  appearance  of  a  screw,  ^. 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
line  C  £,  winding  continually  round  the  ruler.    Let  D  F, 
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Jig.  135^  be  equal  to  the  circmnference  of  the  rtd«r,  nri 
draw  F  G  paraUel  to  D  C,  ud  G  H  puaUel  toDB,tlH 
put  C  Q  F  D  of  the  paper  irill  ez&ctlj  •iHTaniid  tbt 
niler  once ;  the  port  C  G  will  foim  one  iiHre  of  At 
threiLd,  and  nmj  be  coiuidered  u  the  length  of  one  d- 
inclined  plane  Burrounding  the  cjlinder,  C  H  being  tbt 
corresponding  height,  and  G  H  the  bue>  The  power  of 
the  screw  does  not,  ae  in  the  ordinuy  c»aaa  of  the  in- 
clined plane,  act  parallel  to  the  plane  or  thread,  bat  it 
right  angles  to  the  length  of  the  cylinder  A  B,  or,  -wtiA 
is  to  the  same  effect,  parallel  to  the  base  H  G ;  thereftn 
the  proportion  of  the  power  to  the  weight  will  be^  k- 
cording  to  principles  already  explained,  the  aame  u  th^ 
of  C  H  to  the  space  through  which  the  power  want 
parallel  to  H  G  in  one  revolution  of  the  screw.  H  C  ii 
evidently  the  distance  between  the  aucceaslTe  poaitiaDiof 
the  thread  as  it  winds  round  the  cylinder ;  and  it  ■ppem 
from  what  has  been  juat  stated,  that  the  len  this  distanca 
is,  or,  in  other  words,  the  finer  the  thread  is,  the  moM 
powerful  the  machine  will  be. 
(393.)  In   the  application  of  the  screw  the  weight  ta 
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10  mare  liable  to  intermission  than  in  the  cases  where 
ratchet  wheels  are  generally  used. 

(299.)  When  a  road  directly  ascends  the  side  of  a  hill, 
it  is  to  be  considered  as  an  inclined  plane  ;  but  it  will  not 
lose  its  mechanical  character,  if,  instead  of  directly  as- 
cending towards  the  top  of  the  hill,  it  winds  successively 
round  it,  and  gradually  ascends  so  as  after  several 
rerdntions  to  reach  the  top.  In  the  same  manner  a  path 
maj  be  conceived  to  surround  a  pillar  by  which  the  as- 
cent may  be  facilitated  upen  the  principle  of  the  inclined 
l^ane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  for  although  the 
aaeent  be  produced  by  successive  steps,  yet  if  a  floor 
could  be  made  sufficiently  rough  to  prevent  the  feet 
ftom  slipping,  the  ascent  would  be  accomplished  with 
equal  fiicility.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  fonn 
M  to  accommodate  it  to  the  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  be 
difficult  to  trace  the  resemblance  between  such  an  adapt- 
ation of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  is  nothing  more  than  an  inclined 
plane  constructed  upon  the  surface  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig.  135.,  be  a  common  round 
ruler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
fonn  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  £ 
<^  the  paper  be  marked  with  a  broad  black  line  :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
thereto,  let  the  paper  be  rolled  round  the  ruler ;  the 
ruler  will  then  present  the  appearance  of  a  screw,  ^. 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
line  C  £,  winding  continually  round  the  ruler«    Let  D  F« 
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cord  may  be  attached  to  the  weight,  Emd  stretched  lo- 
■wvda  A,  oi  the  handa  of  men  maj  be  applied  to  the 
weight  below  it,  so  as  to  resist  its  descent  towaidi  B. 
But  in  whatever  way  it  be  applied,  the  amount  of 
the  power  will  be  detennined  in  the  same  mtnnei. 
Suppose  the  weight  to  consist  of  as  many  pounds  u 
theie  are  inches  in  A  B,  then  the  power  requiaita  to 
sustcdn  it  upon  the  plane  will  consist  of  aa  muj 
pounds  aa  there  are  inches  u  A  C,  and  the  jffeaauis  on 
the  plane  will  amount  to  as  many  pounds  as  there  «n 
inches  in  B  C. 

From  what  has  been  stated  it  may  easily  be  inftmd 
that  the  less  the  elevation  of  the  plane  ia,  the  leM  wiU 
be  the  power  requisite  to  sustain  a  given  weight  upon  i^ 
and  the  greater  will  be  the  pressure  upon  it  SupfUM 
the  inclined  plane  A  B  to  turn  upon  a  hinge  at  B,  and  to 
be  depressed  so  that  its  angle  of  elevation  shall  be  Ji> 
minished,  it  is  evident  that  as  this  angle  decrearci  die 
height  of  the  plane  decreases,  and  its  base  increaMK 
Thiis,  when  it  takes  the  position  B  A',  the  height  A'  C' 
IS  leea  than  the  former  height  A  C,  while  the  base  B 


nirt^letiisrapixiMtfaat  tfaemit AJBkilxed.  Ifthe 
ijnwir  be  eilMitbiially  tamed  dn  Hp  iud%  by  4  Wer  EF 
Ittttiiod  in  and  end  of  it,  it  will  be  ino?ed  in  the  direc- 
ddB  CD, advancing  eveiy  revdutian  tfaioogh  a  space 
•qod  to  the  distance  between  two  contigaoMI'  threads. 
Bf  tnoning  the  lever  in  an  opposite  directioii  the  screw 
Ml  1m  moved  in  the  direction  D  C. 

if  tiie  screw  be  fixed,  so  as  to  be  incapable  either  of 
iMiMag  longitodinally  or  revolving  on  its  axis,  the  not 
3k  B'taay  be  tamed  upon  die  screw  by  a  lever,  and  will 
^o^  ctn  the  screw  towards  C  or  towards  D,  according  to 
tkii  firection  in  which  the  lever  is  tamed. 
*"  tn  tiie  finrmer  cases  we  have  snpposed  die  not  to  be 
kkiotbMf  immoveable,  and  in  the  latter  case  the  screw 
16  be  absolately  immoveable.  It  may  happen,  however, 
Ifat'tiitf  not,  thoagh  capable  of  revolving,  is  inciq[Nible  of 
iiMfteg  longitadinally ;  and  that  the  screw,  thoagh  inoa- 
IMIUs  of  revolving,  is  capable  of  moving  longitudinally. 
Ih  that  case,  by  taming  the  nat  A  B  apon  the  screw 
yjf-  the  lever,  the  screw  will  be  urged  in  the  direction  C  J) 
er  D  C,*according  to  the  way  in  which  the  nut  is  tamed. 
^  The  ajqparatus  may,  on  the  contrary,  be  so  arranged, 
Mtt  the  hat,  thdugh  incapable  of  revolving,  is  capable  of 
ibovfaig  longitudinally ;  and  the  screw,  though  capable  of 
ictdving,  is  incapable  of  moving  longitudinally.  In 
Ais  cMe,  by  timing  the  screw  in  the  one  direction  or  in 
fte  ofdier,  the  iiat  A  B  will  be  urged  in  the  direction  C  D 

«ri>c. 

'''  AD  these'  rarious  arrangements  may  be  observed  in 
Mferent  apiAieatioxiB  to  the  machine. 
^'  (9M.)  A  screw  may  be  cut  upon  a  cylinder  by  placing 
Ale  cylinder  in  a  turning  lathe,  and  gi^dng  it  a  rotatory 
notion  upon  its  axis.  The  cutting  point  is  then  present- 
ed to  dMf'  eytinder,  and  moved  in  the  direction  of  its 
liBgdi,  tt  Itfeh  iiatii  as'to'bc^tarried^rottgi^ 
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power  be  micli  u  to  taiae  the  weight  «t  the  rate  of 
one  fbot  per  minute,  the  weight  miy  be  moved  in  etch 
nunute  through  that  lengtb  of  the  road  which  com- 
Bponda  to  a  rise  of  one  foot  Thus,  if  two  roftdiiiH 
one  Bt  the  rale  of  a  foot  in  fifteen  feet,  and  the  other  tt 
the  rate  of  one  foot  in  twenty  feet,  the  same  expen- 
diture of  power  will  move  the  weight  through  fifteen 
feet  of  the  one,  and  twenty  feet  of  the  other  at  the  Nine 

From  such  coDaiderationB  as  these,  it  will  readilj  tf- 
pear  that  it  may  often  be  more  expedient  to  can;  i 
road  through  a  circuitous  route  than  to  continue  it  in  the 
most  direct  course ;  for  though  the  meaaured  length  ■ 
of  road  may  be  considerably  greater  than  the  fonnei 
case,  jet  more  may  be  gained  in  speed  with  the  Mme 
expenditure  of  power  than  is  lost  bf  the  increaie  of 
distance.  By  attending  to  these  circumstancea,  modtm 
road-makers  have  greatly  fbcilitated  and  ej^edited  the 
intercourse  between  distant  places. 

8.)  If  the  power  act  oblique  to  the   plane,  i 
have  a  twofold  effect ;  a  part  being  expended  in  support- 
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le  weight  may,  in  this  case,  be  found  a&  foDows.  Take 
7  £'  equal  to  W  E,  and  draw  £'  P  peipendicolar  to  the 
lane,  and  meeting  the  direction  of  the  power.  The 
roportioh  of  the  power  to  the  weight  will  be  that  of 
IT  P  to  W  D.  And  the  proportion  of  the  pressure  to 
le  weight  will  be  that  of  the  difference  between  W  F 
nd  W  F'  to  W  D.  If  the  amount  of  the  power  have 
leM  proportion  to  the  weight  than  W  P  has  to  W  D,  it 
ill  not  support  the  body  on  the  plane,  but  will  allow  it 
I  descend.  And  if  it  had  a  greater  proportion,  it  will 
raw  the  weight  up  the  plane  towards  A. 
(989.)  It  sometimes  happens  that  a  weight  upon  one 
Msliiied  plane  is  raised  or  supported  by  another  weight 
pan  another  inclined  plane.  Thus,  if  A  B  and  A  B', 
If.  131.,  be  two  inclined  planes  forming  an  angle  at  A, 
id  W  W  be  two  weights  placed  upon  these  planes, 
od  connected  by  a  cord  passing  over  a  pulley  at  A,  the 
De  weight  will  either  sustain  the  other,  or  one  will 
Bflcend,  drawing  the  other  up.  To  determine  the  cir- 
amatances  under  which  these  effects  will  ensue,  draw 
le  lines  W  D  and  W  IF  in  the  vertical  direction,  and 
Jce  upon  them  as  many  inches  as  there  are  ounces  in 
le  weights  respectively.  W  D  and  W  Jy  being  the 
ingths  thus  taken,  and  therefore  representing  the 
eights,  the  lines  W  E  and  W  E'  will  represent  the 
flfectB  of  these  weights  respectively  down  the  planes* 
r  W  E  and  W  E'  be  equal,  the  weight  will  sustain 
Bch  other  without  motion.    But  if  W  E  be  greater  than 

V  E',  the  weight  W  will  descend,  drawing  the  weight 

V  up.     And  if  W  E'  be  greater  than  W  E,  the  weight 

V  will  descend,  drawing  the  weight  W  up.  In  every 
lae  the  lines  W  F  and  W  F'  will  represent  the  pres- 
ires  upon  the  planes  respectively. 

It  is  not  necessary,  for  the  eflfect  just  described,  that 
le  inclined  planes  should,  as  represented  in  the  figure, 
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fonn  an  angle  vith  each  other.  They  may  be  panlM, 
or  in  any  other  poritian,  the  lope  being  carried  over  t 
sufficient  numher  of  wheels  placed  so  as  to  give  it 
the  n^easary  deflection.  This  method  of  moring 
loads  is  frequently  applied  in  great  public  works  when 
nil-roada  are  used.  Loaded  waggons  descead  ona 
inclined  plane,  while  other  waggons,  either  empty  or  u 
loaded  as  to  permit  the  descent  of  those  with  which  thef 
are  connected,  are  drawn  up  the  other. 

(390.)  In  the  application  of  the  inclined  plane  which 
we  have  hitherto  noticed,  the  machine  itself  is  svi^mimJ 
to  be  fixed  in  its  poattlon,  while  the  weight  or  lowl  ia 
moved  upon  it  But  it  frequently  happens  thai  leiirt- 
auces  are  to  be  orercoroe  which  do  not  admit  to  be  tiua 
moved.  In  such  cases,  instead  of  moving  the  load  apot 
the  planes,  the  plane  is  to  he  moved  under  or  against  tha 
load.  Let  D  E,  Jig.  133.,  be  a  heavy  beam  seemed  ii  a 
vertical  position  between  guides  F  G  and  H  I,  M  Ihit 
it  is  free  to  move  upwards  and  downwards,  but  not  lat 
endly.  Let  A  B  C  be  an  inclined  jdane,  the  eztrMDitj 
of  which  is  placed  beneath  the  end  of  the  beam.    A 
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rhe  theoretical  estimation  of  the  power  of  this  machine 
m  not  applicahle  in  practice  with  any  degree  of  accurt^ 
sy.  This  is  in  part  owing  to  the  enonnous  proportion 
which  the  friction  in  most  cases  bears  to  the  theoret- 
ical value  of  the  power,  but  still  more  to  the  nature  of 
the  power  generally  used.  The  force  of  a  blow  is  of  a 
oature  so  wholly  different  from  continued  forces,  such  as 
the  pressure  of  weights,  or  the  resistance  offered  by  the 
cohesion  of  bodies,  that  they  admit  of  no  numerical 
compazisoiL  Hence  we  cannot  properly  state  the  pro- 
poirtion  which  the  force  of  a  blow  bears  to  the  amount  of 
%  weight  or  resistance.  The  wedge  is  almost  invariably 
luged  by  percussion ;  while  the  resistances  which  it  has 
to  overcome  are  as  constantly  forces  of  the  other  kind. 
Although,  however,  no  exact  numerical  comparison 
can  be  made,  yet  it  may  be  stated  in  a  general  way  that 
the  wedge  is  more  and  more  powerful  as  its  angle  is 
more  acute. 

In  the  arts  and  manufactures,  wedges  are  used  where 
eiUMiaous  force  is  to  be  exerted  through  a  very  small 
apace.  Thus  it  is  resorted  to  for  splitting  masses  of 
timber  or  stone.  Ships  are  raised  in  docks  by  wedges 
driven  under  their  keels.  The  wedge  is  tlie  principal 
agent  in  the  oil-mill.  The  seeds  from  which  the  oil  is  to 
be  extracted  are  introduced  into  hair  bags,  and  placed 
between  pianos  of  hard  wood.  Wedges  inserted  be- 
tween the  bags  are  driven  by  allowing  heavy  beams  to 
fidl  on  them.  The  pressure  thus  excited  is  so  intense, 
that  the  seeds  in  the  bags  are  formed  into  a  mass  nearly 
is  solid  as  wood. 

Instances  have  occurred  in  which  the  wedge  has  been 
Duyed  to  restore  a  tottering  edifice  to  its  perpendicular 
position.  All  cutting  and  piercing  instruments,  such  as 
Imivee,  razors,  scissors,  chisels,  &c.,  naile,  pins,  needles; 
awk,  &c.  are  wedges.     The  angle  of  the  wedge,  in 
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these  CUM,  is  roore  or  leis  acute,  according  to  the  pn- 
pose  to  which  it  ia  to  be  applied.  In  determiniiig  th^ 
two  things  3je  to  be  considered  —  the  mechanical  pawn, 
wliich  is  increued  by  diminiHlting  tlie  angle  of  dM 
wedge ;  and  the  Btrength  of  the  tool,  which  is  alwtjn 
diminiahed  bj  the  same  cause.  There  ia,  therefore,  i 
practical  limit  to  Che  increase  of  the  power,  and  Ihit 
degree  of  sharpness  only  is  to  be  given  to  the  UmI 
which  IB  consistent  with  the  strength  miuitite  firths 
purpose  to  which  it  is  to  be  applied.  In  tools  intended 
for  catting  wood,  the  angle  ia  genersUy  about  30°.  For 
iron  it  is  from  SOo  to  60°  ;  and  for  brass,  from  80°  to 
00°.  Tools  which  act  by  pressure  maybe  made  mm* 
acute  than  those  which  are  driven  by  a  blow ;  and 
in  general  the  softer  and  more  yielding  the  aubetanee  to 
be  dirided  is,  and  the  less  the  power  required  to  ut 
upon  it,  the  more  acute  the  wedge  may  be  constiucted. 
In  many  cases  the  utili^  of  the  wedge  depends  on 
that  which  is  entirely  omitted  in  its  theory,  via.  to 
friction  which  arises  between  its  eur&ce  and  the  nb- 
stance  which  it  divides.    This  is  the  case  when  pun. 
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Koads  which  axe  not  level  may  be  regarded  as  inclined 
planes,  and  loads  drawn  upon  them  in  carriages,  con- 
sidered in  reference  to  the  powers  which  impel  them,  are 
subject  to  all  the  conditions  which  have  been  estabUshed 
for  inclined  planes.    The  inclination  of  the  road  is  esti- 
mated by  the  height  corresponding  to  some  proposed 
length.    Thus  it  is  said  to  rise  one  foot  in  fifteen,  one 
foot  in  twenty,  &c.,  meaning  that  if  fifteen  or  twenty 
feet  of  the  road  be  taken  [as  the  length  of  an  inclined 
plane,  such  as  A  B,  the  corresponding  height  will  be  one 
foot.     Or  the  same  may  be  expressed  thus :    that    if 
fifteen  or  twenty  feet  be  measured  upon  the  road,  the 
difiTerence  of  the  levels  of  the  two  extremities  of  the 
distance    measured    is    one    foot.      According   to  this 
niethod  of  estimating  the  inclination  of  roads,  the  power 
requisite  to  sustain  a  load  upon  them  (setting  aside  the 
efiEect  of  friction),  is  always  proportional  to  that  eleva- 
tion^   Thus,  if  a  road  rise  one  foot  in  twenty,  a  power 
of  one  ton  will  be  sufiicient  to  sustain  twenty  tons,  and 
so  on. 

On  a  horizontal  plane  the  only  resistance  which  the 
power  has  to  overcome  is  the  friction  of  the  load  with 
tlie  plane,  and  the  consideration  of  this  being  for  the 
present  omitted,  a  weight  once  put  in  motion  would  con- 
tinue moving  for  ever,  without  any  further  action  of  the 
power.  But  if  the  plane  be  inclined,  the  power  will  be 
expended  in  raising  the  weight  through  the  perpendicu- 
lar height  of  the  plane.  Thus,  in  a  road  which  rises 
one  foot  in  ten,  the  power  is  expended  in  raising  the 
weight  through  one  perpendicular  foot  for  every  ten  feet 
of  the  road  over  which  it  is  moved.  As  the  expenditure 
of  power  depends  upon  the  rate  at  which  the  weight  is 
raised  perpendicularly,  it  is  evident  that  the  greater  tine 
inclination  of  the  road  is,  the  slower  the  .motion 
must  be  w^  the  some  force.     If  the  energy  of  tbe 
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fg.  135^  be  equal  to  the  circumftrence  of  the  niler,(Bd 
draw  F  G  puallel  to  D  C,  and  G  H  parallel  to  D  E,  Oa 
part  C  G  F  D  of  the  paper  will  exactly  BiiTToiuid  tta  ' 
ruler  once  ;  the  part  C  G  will  form  one  Bpire  of  llu 
thread,  and  may  be  considered  a«  the  length  of  one  in- 
inclined  plane  aurrounding  the  cylinder,  C  H  being  thi 
corresponding  height,  and  G  H  the  baie.  The  power  of 
the  screw  does  not,  as  in  the  ordinaiy  caaea  of  the  in- 
clined plane,  act  parallel  to  the  plane  or  thread,  but  it 
right  angles  to  the  length  of  the  cylinder  A  B,  or,  wfail 
IB  to  the  same  effect,  parallel  to  the  base  H  G ;  therefon 
the  proportion  of  the  poMrer  to  the  weight  will  be,  ■(> 
cording  to  principles  already  explained,  the  lame  ai  tbat 
of  C  H  to  the  apace  tlirougb  which  the  power  nons 
parallel  to  H  G  in  one  revolution  of  the  screw.  H  C  ia 
evidently  the  distance  between  the  succeesiTO  poaitiaoiof 
the  thread  aa  it  winds  round  the  cylinder ;  and  it  qipeui 
from  what  has  been  just  stated,  that  the  less  this  diBtanca 
ia,  or,  in  other  worda,  the  finer  the  thread  ia,  the  mon 
powerful  tf]e  maciiine  will  be. 

^.)  In   the   application  of  the  screw  the  weight  or 


flM^letiisMqiiNMetlittt  tfaeantABiilbnd.  JtUrn 
■BT^ be oondaiulljr tonied on  its  iuda,  hym  WerEF 
iiterted  in  ond  end  of  it,  it  win  be  moved  in  llie  diiee- 
tkte  C  Dy  advancing  eveiy  revolutian  throai^  a  space 
aqod  to  the  distance  between  two  contigooai  threads. 
By  tnnung  the  lever  in  an  opposile  direetun  the  screw 
wBH  Be  moved  in  the  direction  D  C. 

if  tiie  ecrew  be  fixed,  so  aa  to  be  mcapahl^  either  of 
oaovf^f  loagitadinally  <Mr  revolving  on  its  axis,  the  nnt 
A  B  taay  be  tamed  npon  die  screw  by  a  lever,  and  win 
mote  Ob  the  screw  towards  C  or  towards  D,  according  to 
IhB  firection  in  which  the  lever  is  tuned. 

In  tiie  Ibnner  cases  we  have  snpposed  tiie  ant  to  be 
aheoiotdy  immoveable,  and  in  the  latter  case  the  screw 
t»  be  mbsolately  immoveable.  Tt  may  happen,  however, 
tfaitttiitf  not,  though  capable  of  revolving,  is  inciq[Nible  of 
flaovtaglottgitadinally;  and  that  the  screw,  tfaoogh  inoa- 
piUie  of  reviving,  is  capable  of  moving  longitodinaUy. 
In  that  case,  by  tarning  the  nut  A  B  upon  the  screw 
by  the  lever,  the  screw  will  be  urged  in  the  direction  C  D 
or  D  C,  'according  to  the  way  in  which  the  nut  is  turned. 

The  apparatus  may,  on  the  contrary,  be  so  arranged, 
tilat  the  nut,  though  incapable  of  rewdving,  is  capable  of 
moving  longitudinally ;  and  the  screw,  though  capable  of 
revolving,  is  incapable  of  moving  longitudinally.  In 
tins  case,  by  foming  the  screw  in  the  one  direction  or  in 
the  other,  the  nut  A  B  will  be  urged  in  the  direction  C  D 
ei'DC. 

An  these'  rarious  arrangements  may  be  observed  in 
dmbreul  ap|Aietttiox>B  to  the  machine. 

(991.)  A  screw  may  be  cut  upon  a  cylinder  by  placing 
tte  cylinder  in  a  turning  lathe,  and  giving  it  a  rotatory 
motion  upon  its  axis.  The  cutting  point  is  then  present- 
ed to  tile'  cylinder,  and  moved  in  the  direction  of  its 
kngA,  at  tileh  it  taUi  as  to  be  Carried  ihrough  the  4i»- 
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form  an  angle  irith  each  other.  They  may  ha  panIM, 
or  in  any  other  poiition,  the  rope  being  carried  orer  a 
BuScient  munber  of  wheels  placed  so  as  to  gin  it 
the  neceinary  deflection.  This  method  of  monng 
loads  i>  frequently  applied  in  gre&t  public  works  when 
rail-roads  are  used.  Loaded  waggons  descend  one 
inclined  plane,  while  other  waggons,  either  empty  oris 
loaded  aa  to  permit  tiin  clfscent  of  those  with  which  thej 
are  connected,  are  drawn  up  the  other. 

(390.)  In  the  application  of  the  inclined  plane  wliich 
we  have  hitherto  noticed,  the  machine  itself  is  supposed 
to  be  fixed  in  ita  poaitton,  while  the  weight  or  load  ia 
moved  upon  it.  But  it  frequently  happens  that  reaist- 
ancea  are  to  be  overcome  which  do  not  admit  to  be  thai 
moved.  In  such  esses,  instead  of  moving  the  load  upon 
the  planes,  the  plane  is  to  ho  moved  under  or  against  the 
load.  Let  D  B,  y!g.  133.,  be  a  heavy  beam  secur^  iaa 
vertical  position  between  guides  F  G  and  H  I,  bo  thit 
it  is  free  to  move  upwaida  and  downwards,  but  not  lal- 
enlly.  Let  A  B  C  be  an  inclined  plane,  the  extremi^ 
of  which  Is  placed  beneath  the  end  of  the  beam. 
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tlitoqgh  which  the  power  rerolvea,  and  the  distanee 
hetween  the  threads,  it  is  evident,  that,  to  increase  the 
efficacy  of  the  machine,  we  most  either  inoreaae  the 
length  of  the  lever  by  which  the  power  acta,  or  *iiminiHli 
the  mignitude  of  the  thread.  Although  there  in  no 
limit  in  theory  to  the  increase  of  the  mechanical  efficacy 
by  these  means,  yet  practical  inconvenience  arises 
which  .effisctually  prevents  that  increase  being  earned 
beyond  a  certain  extent  If  the  lever  by  which  the 
power  acts  be  increased,  the  same  difficulty  arises  as 
was  ahnady  explained  in  the  wheel  and  axle  (354.) ;  the 
space  through  which  the  power  should  act  would  be  so 
unwieldy,  that  its  application  would  become  impractica- 
ble. I^  on  the  other  hand,  the  power  of  the  machine  be 
increased  by  diminiBhing  the  size  of  the  thread,  the 
strength  of  the  thread  will  be  so  diminished,  that  a 
slight  resistance  will  tear  it  from  the  cylinder.  The 
cases  in  which  it  is  necessary  to  increase  the  power  of 
the  machine,  being  those  in  which  the  greatest  resistan- 
ces are  to  be  overcome,  the  object  will  evidently  be  de- 
feated, if  the  means  chosen  to  increase  that  power  de- 
prive the  machine  of  the  strength  which  is  necessary  to 
SDStain  the  force  to  which  it  is  to  be  submitted. 

(297.)  These  inconveniences  ore  removed  by  a  con- 
trivance of  Mr.  Hunter,  which,  while  it  gives  to  the  ma^- 
chine  all  the  requisite  strength  and  compactness,  allows 
it  to  have  an  almost  unlimited  degree  of  mechanical 
efficacy. 

This  contrivance  consists  in  the  use  of  two  screws, 
the  threads  of  which  may  have  any  strength  and  mag- 
nitude, but  which  have  a  very  small  difference  of 
bzeadtL  While  the  working  point  is  urged  forward  by 
that  which  has  the  greater  thread,  it  is  drawn  back  by 
that  which  has  the  less ;  so  that  during  each  revolution  of 
the  screw,  instead  of  being  advanced  through  a  space 
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equal  ta  tba  nwgnitnde  at  either  of  the  threada,  it  taefm 
through  a  apace  equal  to  their  difference.  The  mechiii- 
ical  power  of  such  a  machine  will  be  the  same  a*  thU  of 
a  mngle  screw  having  a  thread,  whose  magnttode  ia 
equal  to  the  ^difference  of  the  magnitudes  of  the  two 
threads  just  mentioDed. 

Thus,  without  inconvenientijr  increasing  the  sweep  of 
the  power,  on  tbe  one  band,  oi^  on  the  other,  diminish- 
ing  the  thread  until  the  necesaaiy  etrength  ia  lost,  tbs 
machine  viU  acquire  an  efficacy  limited  by  nothing 
but  the  anulliieBB  of  the  difibrence  between   the  two 

This  principle  was  first  applied  in  the  manner  lepR- 
aented  in  Jig.  143.  A  is  the  greater  thread,  plajing  in 
the  fixed  nut ;  B  is  the  lesser  thread,  cut  upon  a  smaDBr 
cylinder,  and  [day ing  in  a  concave  screw,  cut  within  ths 
greater  cylinder.  During  every  revolution  of  the  anew, 
the  cylinder  A  descends  through  a  apace  equal  to  tba 
distance  between  its  threads.  At  the  same  time  the 
anmller  cylinder  B  ascends  through  a  apace  equal  to  the 
distance  between  the  threads  cut  upon  it :  the  eAct  ii, 
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is  mofe  liable  to  intennission  than  in  the  cases  where 
ratchet  wheels  are  generally  used. 

(293.)  When  a  road  directly  ascends  the  side  of  a  hill, 
it  is  to  be  considered  as  an  inclined  plane  ;  but  it  will  not 
lose  idi  mechanical  character,  if,  instead  of  directly  as- 
cending towards  the  top  of  the  hill,  it  winds  successively 
round  it,  and  gradually  ascends  so  as  after  several 
revolations  to  reach  the  top.  In  the  same  manner  a  path 
may  be  conceived  to  surround  a  pillar  by  which  the  as- 
cent may  be  facilitated  upen  the  principle  of  the  inclined 
plane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  for  although  the 
Mcent  be  produced  by  successive  steps,  yet  if  a.  floor 
could  be  made  sufficiently  rough  to  prevent  the  feet 
from  slipping,  the  ascent  would  be  accomplished  with 
equal  fbcility.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  fonn 
u  to  accommodate  it  to  the  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  be 
difficult  to  trace  the  resemblance  between  such  an  adi^pt- 
atkm  of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  is  nothing  more  than  an  inclined 
plane  constructed  upon  the  surface  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig.  135.,  be  a  ccHmnon  roimd 
ruler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
form  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  E 
of  the  paper  be  marked  with  a  broad  black  line  :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
tiiereto,  let  the  paper  be  rolled  round  the  ruler ;  the 
ruler  will  -then  present  the  appearance  of  a  screw,  Jig^ 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
line  C  £,  winding  continually  round  the  rulen    Let  DF) 
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Jig.  135^  be  equal  to  the  circumference  of  the  ruler,  md 
draw  F  G  pardlel  to  D  C,  ud  G  H  puaUel  toI>E,tlM 
psrt  C  G  P  D  of  the  paper  will  exactlj  snmnmd  the 
ruler  once ;  the  psit  C  G  will  foim  one  BjMre  of  the 
thread,  and  may  be  conaidered  aa  the  length  of  one  m- 
inclined  plane  aurrounding  the  cjrlmdeT,  C  H  being  tba 
correBponding'  height,  and  G  H  the  base.  The  power  of 
the  screw  dncB  not,  ae  in.  the  ordinary  cases  of  the  in- 
clined plane,  act  parollel  to  the  plane  nr  thread,  but  at 
right  angles  to  the  length  of  the  cylinder  A  B,  or,  what 
IB  to  the  same  effect,  parallel  to  the  base  H  G  ;  Iherefore 
the  proportion  of  the  power  to  the  weight  will  be,  m- 
cording  to  principles  already  explained,  the  same  as  that 
of  C  H  to  tho  space  through  which  the  power  morel 
parallel  to  H  G  in  one  revolution  of  the  screw.  H  C  ii 
evidently  the  distance  between  the  succossivc  poeitionsor 
the  thread  as  it  winds  round  the  cylinder;  and  it  appean 
ftfim  what  boa  been  just  stated,  that  the  lesa  this  distance 
is,  or,  in  other  word^,  the  finer  the  thread  is,  the  more 
powerful  the  machine  will  he. 
(293.)  In   the  application  of  the  screw  the  weigbtot 
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Rnt,  let  us  ioppose  that  the  nut  A  B  it  fixed.  If  the 
■crew  be  continually  turned  on  its  azii,  by  a  lever  E  F 
inseited  in  one  end  of  it,  it  will  be  moved  in  the  direc- 
tion C  Dy  advancing  every  revolution  through  a  space 
equal  to  the  distance  between  two  contiguoui  threads. 
By  turning  the  lever  in  an  opposite  direction  die  screw 
will  be  moved  in  the  direction  D  C. 

If  the  screw  be  fixed,  so  as  to  be  incapable  either  of 
moving  longitudinally  or  revolving  on  its  axis,  the  nut 
A  B  may  be  turned  upon  the  screw  by  a  lever,  and  will 
move  on  the  screw  towards  C  or  towards  D,  according  to 
the  direction  in  which  the  lever  is  turned. 

In  the  former  cases  we  have  supposed  the  nut  to  be 
ibMdately  immoveable,  and  in  the  latter  case  the  screw 
to  be  absolutely  immoveable.  Tt  may  happen,  however, 
that  the  nut,  though  capable  of  revolving,  is  incapable  of 
mofving  longitudinally ;  and  that  the  screw,  though  inca- 
pable of  revolving,  is  capable  of  moving  longitudinally. 
[n  that  case,  by  turning  the  nut  A  B  upon  the  screw 
by  the  lever,  the  screw  will  be  urged  in  the  direction  C  D 
or  D  C,  'according  to  the  way  in  which  the  nut  is  turned. 

The  apparatus  may,  on  the  contrary,  be  so  arranged, 
that  the  nut,  though  incapable  of  revolving,  is  capable  of 
moving  longitudinally  ;  and  the  screw,  though  capable  of 
revolving,  is  incapable  of  moving  longitudinally.  In 
this  case,  by  turning  the  screw  in  the  one  direction  or  in 
the  other,  the  nut  A  B  will  be  urged  in  the  direction  C  D 
ftrDC. 

All  these  various  arrangements  may  be  observed  in 
fliilerent  applications  to  the  machine. 

(9d4.)  A  screw  may  be  cut  upon  a  cylinder  by  placing 
the  cylinder  in  a  turning  lathe,  and  giving  it  a  rotatory 
motion  upon  its  axis.  The  cutting  point  is  then  present- 
ed to  the*  cylinder,  and  moved  in  the  direction  of  its 
length,  at  raefa  ti  rate  as  to  be  carried  through  the  dis- 
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The  distance  from  tlie  fitlcrtun,  at  wliicli  this  neifcht 
uountcrpoiaoa  tlie  wiiifrht  to  bo  Baccrtaiued,  serves  u  i 
measure  to  tlio  aniouut  of  that  wcltriit.  Whon  tbe 
sliding  w(!iglit  lia;ij)eiis  to  be  placed  bi-twccu  two  diria- 
iona  [)f  tlie  luiji,  u  luicrojiiuter  soretr  i»  used  to  oscerttiii 
the  fractJon  uf  tlio  division. 

Hunter's  screw,  aJrOHdy  described,  aecnia  to  be  well 
adapted  to  micrometrical  purposes ;  since  the  motion  rf 
the  point  may  be  rendi.'rud  indefinitelj  slow,  without 
requiring  an  exquisitely  iine  thread,  aiich  as  in  the  no^ 
Bcrev,  woidd  in  liiia  c&se  bo  necessary. 


CUAI'TKIl  XVII. 


(301.)  It  is  froquciiLJy  indispensable,  cud  nlnaya  i 
Eirsble,  thuL  tlic  ojiEration  of  ii  machine  should  be  rego- 
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thzough  which  tho  power  rcYolvea,  and  the  distance 
between  the  threads,  it  is  evident,  that,  to  increase  the 
efficacy  of  the  machine,  we  must  either  increase  the 
length  of  the  lever  by  which  the  power  acts,  or  Himiniah 
the  magnitude  of  the  thread.  Although  there  is  no 
limit  in  theory  to  the  increase  of  the  mechanical  efficacy 
by  these  means,  yet  practical  inconvenience  arises 
which  eflfectually  prevents  that  increase  being  carried 
beyond  a  certain  extent  If  the  lever  by  which  the 
power  acts  be  increased,  the  same  difficulty  arises  as 
was  already  explained  in  the  wheel  and  axle  (254.) ;  the 
apace  through  which  the  power  should  act  would  be  so 
unwieldy,  that  its  application  would  become  impractica- 
ble. I(  on  the  other  hand,  the  power  of  the  machine  be 
increased  by  diminishing  the  size  of  the  thread,  the 
stzength  of  the  thread  will  be  so  diminished,  that  a 
■light  resistance  will  tear  it  from  the  cylinder.  The 
cases  in  which  it  is  necessary  to  increase  the  power  of 
the  machine,  being  those  in  which  the  greatest  resistan- 
ces are  to  be  overcome,  the  object  will  evidently  be  de- 
feated, if  the  means  chosen  to  increase  that  power  de- 
prive the  machine  of  the  strength  which  is  necessary  to 
mistain  the  force  to  which  it  is  to  be  submitted. 

(297,)  These  inconveniences  are  removed  by  a  con- 
trivance of  Mr.  Hunter,  which,  while  it  gives  to  the  ma- 
chine all  the  requisite  strength  and  compactness,  allows 
it  to  have  an  almost  unlimited  degree  of  mechanical 
efficacy. 

This  contrivance  consists  in  the  use  of  two  screws, 
the  threads  of  which  may  have  any  strength  and  mag- 
nitude, but  which  have  a  very  small  difference  of 
breadth.  While  the  working  point  is  urged  forward  by 
that  which  has  the  greater  thread,  it  is  drawn  back  by 
that  which  has  the  less ;  so  that  during  each  revolution  of 
the  screw,  iostead  of  being  advanced  through  a  apace 
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Undei  Bocb  cucumstances  the  velocity  with  which  may 
part  of  the  machinery  ii   moved   would   oufibr  eomm- 

ponding  changes,  increasing  its  rapidity  with  every  ang- 
mentation  of  the  moving  power  or  diminutioii  of  the 
resistance,  or  heing  retarded  in  its  speed  by  the  contmy 


But  even  when  the  prime  mover  and  the  r 
are  hoth  regular,  or  rendered  so  by  proper  contrivances, 
HtiU  it  will  rarely  happen  tbat  the  machine  by  which  the 
energy  of  the  one  is  transmitted  to  the  other  conveys 
this  with  unimpaired  effect  in  all  the  phases  of  its  opera- 
tion. To  give  a  general  notion  of  this  cause  of  ine- 
quality to  those  who  have  not  been  familiar  with  ma- 
chinery would  not  be  eajty,  witliout  having  recourse  to 
an  example.  For  the  present  we  shall  merely  state, 
that  the  several  moving  parts  of  every  machine  assuraa 
in  eucceasion  a  variety  of  positions  i  that  at  regular  pe- 
riods  they  return  to  their  first  position,  and  again  undergo 
the  same  succession  of  changes.  In  tlie  different  posi- 
tions through  which  they  are  carred  in  every  period  of 
motion,  the  efficai'y  of  the  machine  to  transmit  the  p«w- 
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nch  by  the  screw  Aj  it  is  nised  through  the  31st  of  an 
nch  by  the  screw  K  It  is,  therefore,  on  the  whole, 
lej^essed  through  a  space  equal  to  the  excess  of  the 
lOth  of  an  inch  above  the  21st  of  an  inch,  that  is, 
through  the  420th  of  an  inch. 

The  power  of  this  machine  will,  therefore,  be  ex- 
pressed by  the  number  of  times  the  430th  of  an  inch  is 
contained  in  the  circumference  through  which  the  power 
moves, 

(296.)  In  the  practical  application  of  this  principle 
at  present  the  arrangement  is  somewhat  difibrent.  The 
two  threads  are  usually  cut  on  different  parts  of  the 
same  cylinder.  If  nuts  be  supposed  to  be  placed  upon 
these,  which  are  capable  of  moving  in  the  direction  of 
the  length,  but  not  of  revolving,  it  is  evident  that  by 
fairiding  the  screw  once  round,  each  nut  will  be  advanced 
through  a  space  equal  to  the  breadth  of  the  respective 
thxeadsb  By  this  means  the  two  nuts  will  either  ap- 
proach each  other,  or  mutually  recede,  according  to  the 
direction  in  which  the  screw  is  turned,  through  a  space 
equal  to  the  difference  of  the  breadth  of  the  threads, 
and  they  will  exert  a  force  either  in  compressing  or 
curtending  any  substance  placed  between  them,  propor- 
tionate to  the  smallness  of  that  difference. 

(399.)  A  toothed  wheel  is  sometimes  used  instead  of 
a  nut,  so  that  the  same  quality  by  which  the  revolution 
of  the  screw  urges  the  nut  forward  is  applied  to  make 
the  wheel  revolve.  The  screw  is  in  this  case  called 
an  endless  screw,  because  its  action  upon  the  wheel  may 
be  continued  without  limit.  This  application  of  the 
screw  is  represented  in  ^.  143.  P  is  the  winch  to 
which  the  power  is  applied ;  and  its  effect  at  the  circum- 
ference of  the  wheel  is  estimated  in  the  same  manner  as 
the  effect  of  the  screw  upon  the  nut  This  effect  is  to 
bs  conndered  as  a  powet  actiiig  upon  the  circumference 
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ohaftDD'.  Fnan  this  deMiiption  it  will  be  appuot 
that  wbea  the  balla  B  are  Anwn  iroin  the  axis,  thai 
upper  arms  £F  ore  caused  to  iucreaae  their  divergeau 
in  the  Eniae  maimer  m  the  blades  of  a  Bciaaon  an 
opened  by  sepaiatiiig  the  handles.  These,  acting  upon 
the  ling  b;  meajis  of  the  short  links  F  H,  dnw  it  down 
the  vertical  axis  fnaa  D  tovaide  E.  A  contraiy  efibet 
ia  produced  when  the  balls  B  are  brought  cloeer  to  tfa« 
axis,  and  the  diTergeoce  of  the  roda  BE  dininiahsd. 
A  horiiontal  wheel  W  is  attached  to  the  veitical  aiit 
D  D',  having  a  groove  In  receive  a  rope  or  strap  npon  iii 
rim.  This  etiap  paaaes  round  the  wheel  or  axis  hj 
which  motioD  ia  transmitted  to  the  machioeiT'  to  be 
regulated,  eo  that  the  spindle  or  abaft  D  D'  will  alw^a 
be  made  to  revdye  with  a  speed  proportiDnate  to  that  of 
the  maehineij. 

AatiieshaitDD' revolves,  the  balls  Bare  carried  nmid 
it  with  a  circular  motion,  and  consequently  acquirs  a 
centrifugal  force,  wiiich  cauaea  them  to  recede  from  tfaa 
axle,  and  therefore  to  depreaa  the  ring  H.  On  tha 
edge  or  rim  of  this  ring  is  formed   a  groove,  which  ia 


CH4ff^  XWn»  WATUL-BXCUUMNW. 


'Hkm  property  wlueh  renden  this 
minbly  adi^itBd  to  tiie  pmpose  Cowliicliitk  applied  ii^ 
that  when  the  diverirence  of  the  balls  is  not  veij  eons- 
dvafale,  they  miut  always  rerolTe  with  the  ssme  Teloci- 
ty whether  they  more  at  a  nrreater  or  leaser  ^^'^nm 
jBeqoi  Ae  vertical  azia.  If  any  ciiciuMtaaee 
that  TBloeily,  tiie  balk  insuntly  recede  fim  the 
and  rlmmif  the  vahe  V,  check  the  s^iply  of  atean^  and 
thaieby  diminiwhing  the  speed  of  the  mcticn,  realote  the 
"MM'fc'pift  to  its  lonner  rate.  U^  on  the  contraiy,  that 
^Ded  velocity  be  diminished,  the  centrifbgal  iSnoe  beni^ 
no  longer  anfiicient  to  soppoit  the  balls,  they  descend 
towards  the  anle,  open  the  vahre  V,  and  increasinf  the 
supply  of  steam,  restore  the  proper  veloeity  of  the 


When  the  governor  is  qiplied  to  a  water-wheel,  it  is 
made  to  act  iqion  the  shntde  throogh  which  the  water 
fiowii  and  controls  its  quantity  as  effectually,  and  npon 
the  flame  piinciple,  as  has  just  been  ezfduned  in  refe* 
roBce  to  the  steam-engine.  When  applied  to  a  wind- 
ndllf  it  regulates  the  sail-cloth  so  as  to  diminiah  the  efl* 
cacy  of  the  power  upon  the  arms  as  the  foroe  of  the 
wind  increases,  or  vice  ver»d. 

In  cases  where  the  reaistance  admits  of  easy  and  con- 
venient change,  the  govemor  may  act  so  as  to  accommo- 
date it  to  the  varying  energy  of  the  power.  This  ia 
often  done  in  corn-mills,  where  it  acts  upon  the  shuttle 
which  metes  out  the  com  to  the  millstones.  When  the 
power  which  drives  the  mill  increases,  a  proportionally 
increased  feed  of  com  is  given  to  the  stones,  so  that  the 
reaistance  being  varied  in  the  ratio  of  the  power,  the 
same  velocity  will  be  maintained. 

(804.)  In  some  cases  the  centrifugal  force  of  the 
revolving  balls  is  not  sufficiently  great  to  control  the 
power  or  the  resistance,  and  regulators  of  a  different 

p3 
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kind  mutt  be  reiorted  to.    The  following  c 
called  the  icafer-ttgvlalor :  — 

A  common  pump  ia  worked  by  the  m&chine,  whoM 
motion  is  to  be  regulated,  ajtd  water  ia  thiie  nised  ud 
diachajged  into  a  cistern.  It  is  allowed  to  flow  fimn 
thia  cistern  through  a  pipe  of  a  given  magnitude.  When 
the  water  is  pumped  up  with  the  same  velocitr  aa  it  if 
discharged  b j  this  pipe,  it  is  evident  thai  the  level  of  tfas 
water  in  the  cistern  will  bs  stationaiy,  since  it  raceina 
from  the  pmnp  the  exact  quanti^  which  it  diclurgM 
from  the  pipe.  But  if  the  pmnp  throw  in  more  watw 
in  a  given  tine  than  is  diacha^ed  by  the  pipe,  the  cii- 
tem  will  begin  to  be  filled,  and  the  level  of  the  water 
will  rise.  If,  on  the  other  hand,  the  supply  ftom  tha 
pump  be  less  than  the  discharge  from  the  pipe,  the  level 
of  the  water  in  the  cistern  will  subside.  Since  the  rate 
at  which  water  is  supplied  from  the  pump  vrill  alw^a  be 
pToportJoaal  to  the  velocit;  of  the  machine,  it  ftUowa 
that  every  fluctuation  in  this  velocity  will  be  i 
by  the  rising  or  Bubsiding  of  the  level  of  the  n 
1,  and  that  level  t 
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neetad  with  a  lerer  actm^  upon  some  pert  of  the  mfei- 
etdoerjf  which  controls  the  power  or  regulates  the 
amomit  of  resifltance,  na  already  explained  in  the  case 
of  the  governor.  When,  the  level  of  the  water  rises, 
the  buoyancy  of  the  ball  causes  it  to  rise  also  with  a  ibise 
equal  to  the  difference  between  its  own  'weight  and  the 
weight  of  as  much  water  as  it  displaces.  By  enlarging 
the  floatiDg  bally  a  force  may  be  obtained  sufficiently 
gnat  to  move  those  parts  of  the  machinery  which  act 
19011  the  power  or  resistance,  and  thus  either  to  diminish 
Am  mxppLy  of  the  moving  principle  or  to  increase  the 
iWT'^Fnt  of  the  resistance,  and  thereby  retard  the  motion 
end  reduce  the  velocity  to  its  proper  limit  When  the 
level  of  the  water  in  the  cistern  falls,  the  floating  ball, 
tieiiig  no  longer  supported  on  the  liquid  surface,  de- 
eeende  with  the  force  of  its  own  weight,  and  producing 
an  effect  upon  the  power  or  resistance  contrary  to  the 
ftmier,  mcreases  the  effisctive  energy  of  the  one,  or 
diminishes  that  of  the  other,  until  the  velocity  proper  to 
the  machine  be  restored. 

The  sensibilily  of  these  regulators  is  increased  by 
msking  the  surface  of  water  in  the  cistern  as  small  as 
poflaaUe ;  for  then  a  small  change  in  the  rate  at  which 
the  water  is  supplied  by  the  pump  will  produce  a  con- 
adcrnhln  change  in  the  level  of  the  water  in  the  cis- 
tern. 

Instead  of  using  a  float,  the  cistern  itself  may  be  sus« 
pended  from  the  lever  which  controls  the  supply  of  the 
pawetf  and  in  this  case  a  sliding  weight  may  be  placed 
on  the  other  arm,  so  that  it  will  balance  the  cylinder 
when  it  contains  that  quantity  of  water  which  corre* 
apaifln  to-  the  fliced  level  already  explained.  If  the 
quantity  of  water  in  the  cistern  be  increased  by  an  m* 
dae  velocitj  of  the  machine,  the  weight  of  the  cistern 
win  prepd^nle,  draw  down  the  ann  of  the  lever,  aid 
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check  the  eupp!;  of  the  power.  If,  on  the  other  bud, 
the  enpjdy  of  water  be  too  sm&B,  the  cistern  will  no  kn- 
ger  balance  the  counterpoise,  the  arm  by  which  it  i*  nw- 
pended  will  be  raised,  and  the  enei|^  of  the  power  wiQ 
be  increased. 

(305.)  In  the  steani-eDg^e  the  eelf-refpilatjng  prin- 
ciple ie  carried  to  an  aetoniahing-  pitch  of  perieetian.  The 
macliine  itself  raises  in  a  due  quantity  the  cold  water 
necessarj  to  condense  the  steam.  It  pumpa  off  the  liot 
water  produced  by  the  ateam,  which  haa  been  cooled, 
and  lodges  it  in  a  reeerroir  for  the  supply  of  the  boilcgr. 
It  carriea  irom  this  reeervoir  exactly  that  quauti^  ef 
water  which  ia  necesaary  to  auppty  the  wants  of  the 
boiler,  and  lodges  it  therein  according  as  it  is  reqnired. 
It  breathes  the  boiler  of  redundant  steam,  and  preMrre* 
that  which  remaina  fit,  both  in  quantity  and  quality,  fbr 
the  use  of  the  engine.  It  biowa  its  a 
inff  its  intensity,  and  increasing  or  diminif^iing  i 
cording  to  the  quantity  of  ateant  which  r 
to  raise  ;  so  that  when  much  work  is  expected  from  the 
engine,  the  fire  is  proportionally  brisk  and  vind.    It 
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wwfyght  hy  the  engine  itself  mipplies  a  cisteni  C,  Jig, 
145^  with  hot  water.  At  the  "bottom  of  thia  ciatem  is  a 
valve  V  opening  into  a  tabe  which  descends  into  the 
boiler.  This  valve  is  connected  by  a  wire  with  the  arm 
of  a  lever  on  the  fulcrum  D,  the  other  arm  E  of  which 
is  also  connected  by  a  wire  with  a  stone  float  F,  which 
is  partially  immersed  in  the  water  of  the  boiler,  and  is 
bakaoed  by  a  sliding  weight  A.  The  weight  A  only 
coantflipoises  the  stone  float  F  by  the  aid  of  its  buoy- 
aaee  in  the  water;  for  if  the  water  be  removed,  the 
stone  F  will  preponderate,  and  raise  the  weight  A. 
When  the  water  in  the  boiler  is  at  its  proper  level,  the 
length  of  the  wire  connecting  the  valve  V  with  the  lev- 
er is  so  adjosted  that  this  valve  shall  be  closed,  the  wire 
at  the  same  time  being  fully  extended.  When,  by 
evaporation,  the  water  in  the  boiler  begins  to  be  dimin- 
ished, the  level  falls,  and  the  stone  weight  F,  being  no 
longer  supported,  overcomes  the  counterpoise  A,  raises 
the  arm  of  the  lever,  and,  pulling  the  wire,  opens  the 
valve  V.  The  water  in  the  cistern  C  then  flows  through 
the  tube  into  the  boiler,  and  continues  to  flow  until  the 
level  be  so  raised  that  the  stone  weight  F  is  again  ele- 
vated, the  valve  V  closed,  and  the  further  supply  of  wa- 
ter from  the  cistern  C  suspended. 

In  order  to  render  the  operation  of  this  apparatus 
easily  intelligible,  we  have  here  supposed  an  imperfec- 
tion which  does  not  exist  According  to  what  has  just 
been  stated,  the  level  of  the  water  in  the  boiler  descends 
from  its  proper  height,  and  subsequently  returns  to  it* 
But,  in  fact,  this  does  not  happen.  The  float  F  and 
valve  V  adjust  themselves,  so  that  a  constant  supply  of 
water  passes  through  the  valve,  which  proceeds  exactly 
at  the  same  rate  as  that  at  which  the  water  in  the  boiler 
is  consumed. 
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(306.)  In  the  ume  machine  there  oceura  a  mngiimif 
h&ppr  ezunpla  of  self-&djiiitment,  in  the  msthod  bf 
which  tiie  strength  of  the  fire  is  related.  The  go*- 
ernor  regnlatei  the  supply  of  Bteim  to  the  engine,  ud 
proportiooH  it  to  the  work  to  be  done.  With  tjiia  work, 
therefore,  the  deinendB  upon  the  hmler  increase  or  di- 
minish, snd  with  these  demands  the  prodnction  of  atMia 
in  die  boiler  ought  to  vary.  In  fact,  the  rata  at  which 
steam  ia  generated  in  the  boiler  ought  to  be  equal  to 
that  at  which  it  i*  cooflumed  in  the  engine,  atberwJM 
one  of  two  eSfacts  mnat  ensue :  either  the  boiler  will  bil 
to  sappljr  the  engine  with  rteam,  or  steam  will  accanifc- 
late  in  the  boiler,  being  pradnced,in  undue  qnantitf,  and, 
eeeaping  at  the  safety  valve,  will  thua  be  waited.  It  i^ 
therefrae,  neceaaaiy  to  control  the  agent  which  gnw- 
ratea  the  ■team,  namely,  the  fire,  and  to  vary  ita  inten»- 
ty  frnn  time  to  time,  proportioning  it  to  the  demaoda  of 
the  engine.  To  accomplish  this,  the  following  coBbi- 
vance  has  been  adopted :  —  LetT,^.  146.,  be  a  tnba 
inaerted  in  the  top  of  the  boiler,  and  deacending  neartf 
to  the  bottom.    The  prenare  of  the  steam  confined  in 


poie  that  the  kder  prodnces  t^eum  fitam  tinn  the 
gine  conflames  it,  eitlieT  becftnae  the  load  on  tibe  engine 
has  heen  diminished,  and,  therelbre,  ila  consnmpticni  of 
steam  reduced,  or  becanse  the  fire  has  heeome  too  in- 
tense ;  the  consequence  is,  that  the  steam,  beginmngr  tn 
accnmnlate  in  the  boiler,  viU  press  uptm  the  sor&oe  of 
the  water  with  increased  fince,  and  the  mler  wifl  be 
raised  in  the  tube  T.  The  weight  F  wiS,  therefore,  be 
liAsd,  and  the  plate  D  will  descend,  diminish,  or  slop 
the  dianif^ty  mitigate  the  fire,  and  retard  the  prodoctian 
4)f  steam,  and  will  oontinae  to  do  so  until  the  rate  at 
which  ateam  is  prodoced  shall  be  corasKusorate  to  the 
wants  of  the  engine. 

Ij^  an  the  other  hand,  the  production  of  steam  be  in- 
adeqnatB  to  the  engency  of  the  machine,  either  be- 
canae  of  an  increased  load,  or  of  the  insufficient  foice 
of  the  fire,  the  steam  in  the  boiler  will  lose  its  elasticity, 
and  the  surface  of  the  water  not  sustaining  its  wonted 
pressure,  the  water  in  the  tube  T  wiU  fall ;  consequently 
die  weight  F  will  descend,  and  the  plate  D  will  be 
raised.  The  flue  being  thus  opened,  the  draught  wiU 
be  increased,  and  the  fire  rendered  more  intense. 
Thus  the  production  of  steam  becomes  more  rapid,  and 
is  rendered  sufficiently  abundant  for  the  purposes  of 
the  engine.     This  apparatus  is   called  the  stlf-acHng 


(307.)  When  a  perfectly  uniform  rate  of  motion  has 
not  been  attained,  it  is  often  necessary  to  indicate  small 
yariations  of  velocity.  The  following  contrivance, 
cdled  a  Uuhamder,*  has  been  invented  to  accomplish 
this.  A  cup,  fig.  147.,  is  filled  to  the  level  CD  with 
quicksilver,  and  is  attached  to  a  spindle,  which  is 
■whiried  by  the  machine  in  the  same  manner  as  the 

*  From  the  Greek  words  taehos,  speed,  and  metnm,  reoasuro. 


3SB  TBE  EUnRirra  or  mkchanics.    Chaf.  m 

of  Ae  wheat ;  uid  its  proportion  to  tlie  weight  or  n- 
siatuice  is  to  be  calculated  in  the  Bome  mumer  u 
the  proportion  of  the  power  to  the  weight  in  the  whsd 
andule. 

(300.)  We  have  hitherto  considered  the  sciffw  u 
on  en^e  used  to  overcome  great  resiatsjices.  It  ii 
■I30  eimnently  useful  in  several  depctitmenta  of  expeii- 
mentftl  science,  for  the  mea^iir^meDt  of  very  rnnnita 
motions  and  spaces,  the  magnitude  of  which,  codd 
sCHcelf  be  ascertained  by  any  other  mesAS.  'Rie  my 
slow  motion  which  may  be  imparted  to  the  end  of  • 
screw,  by  a  very  considerable  motion  in  the  power,  len- 
ders it  peculiarly  well  udajitcd.  for  this  purptifip.  To  ei- 
plain  the  manner  in  whic^h  it  is  npplied  —  suppose  a  screw 
to  be  BO  cut  as  to  have  fifty  threads  in  an  inch,  each  rev- 
cJution  of  the  screw  will  ndvnnce  its  point  through  the 
fiftieth  part  of  an  inch.  Now,  suppose  tlie  head  of  the 
screw  to  be  a  circle,  whose  diameter  is  an  inch,  the  cir- 
cumference of  the  head  will  be  Homething  more  than 
three  inches :  this  may  be  easily  divided  into  a  hundred 
a  distinctly  visible.     If  a  fixed  index  be  pre- 
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tbxou£^h  which  tho  power  rcyolves,  and  the  distance 
between  the  threads^  it  is  evident,  that,  to  increase  the 
efficacy  of  the  machine,  we  must  either  increase  the 
length  of  the  lever  by  which  the  power  acta,  or  diminiah 
the  magnitude  of  the  thread.  Although  there  is  no 
limit  in  theory  to  the  increase  of  the  mechanical  efficacy 
by  these  means,  yet  practical  inconvenience  arises 
which  effectually  prevents  that  increase  being  earned 
beyond  a  certain  extent  If  the  lever  by  which  the 
power  acts  be  increased,  the  same  difficulty  arises  as 
wae  already  explained  in  the  wheel  and  axle  (254.) ;  the 
space  through  which  the  power  should  act  would  be  so 
anwieldyy  that  its  application  would  become  impiactica- 
Ue.  I(  on  the  other  hand,  the  power  of  the  machine  be 
IDoreased  by  diminishing  the  size  of  the  thread,  the 
ptiength  of  the  thread  will  be  so  diminished,  that  a 
■light  resistance  will  tear  it  from  the  cylinder.  The 
caeea  in  which  it  is  necessaiy  to  increase  the  power  of 
Ibe  machine,  being  those  in  which  the  greatest  resistan- 
ces are  to  be  overcome,  the  object  will  evidently  be  de- 
fSMted,  if  the  means  chosen  to  increase  that  power  de« 
prive  the  machine  of  the  strength  which  is  necessaiy  to 
pistain  the  force  to  which  it  is  to  be  submitted. 

(2^.)  These  inconveniences  are  removed  by  a  con- 
trivance of  Mr.  Hunter,  which,  while  it  gives  to  the  ma- 
chine  all  the  requisite  strength  and  compactness,  allows 
it  to  have  an  almost  unlimited  degree  of  mechanical 
efficacy. 

This  contrivance  consists  in  the  use  of  two  screws, 
the  threads  of  which  may  have  any  strength  and  mag<^ 
Qitude,  but  which  have  a  very  small  difference  of 
breadth.  While  the  working  point  is  urged  forward  by 
t|i*t  which  has  the  greater  thread,  it  is  drawn  back  by 
Oiat  which  has  the  less ;  so  that  during  each  revolution  of 
ebe  screw,  instead  of  being  advanced  through  a  space 
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Thus,  in  the  cue  in  whicli  the  1ob<I  is  nt  poriodletl 
intervala  withrtrawn  from  the  machine,  if  the  force  of 
the  power  could  be  imparted  to  snmctliinpf  by  v\ac\i  it 
would  be  preacrvod,  GO  as  to  be  bronglit  agninst  the  loid 
when  it  a^ain  returned,  the  inconvenience  would  lie 
removed.  In  like  manner,  in  tlie  case  where  the  power 
itself  is  subject  to  intermiseion,  if  a  part  of  the  force 
which  it  ejierta  in  its  intervals  of  action  could  be  acea- 
raulated  and  preserved,  it  mig-bt  be  brought  to  bear  upon 
the  mitchine  during  its  periods  of  suspension.  B;  the 
same  means  of  accumulating  force,  the  strength  of  an 
infant,  by  repeated  cSbrta,  niig-ht  produce  effects  which 
would  be  vainly  attempted  by  the  single  and  momentuy 
action  of  the  strongest  man. 

[309.]  The  property  of  inertia,  explained  and  illustra- 
ted m  the  third  and  fourth  chapters  of  this  volume, 
furmshcs  an  ea^  and  eiTectual  method  of  accomplishing 
this.  A  mass  of  matter  retains,  by  virtue  of  its  inertia, 
Uio  whole  of  any  force  which  may  have  been  ^ven 
to  it,  except  tliat  part  of  which  friction  and  the  atmo- 
spheric resistance  deprives  it.    By  contrivances  which 
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inch  by  the  screw  A^  it  is  raised  through  the  3l8t  of  ui 
inch  by  the  screw  &  It  is,  therefore,  on  the  whole, 
deinressed  through  a  space  equal  to  the  excess  of  the 
SOth  of  an  inch  above  the  21st  of  an  inch,  that  is, 
through  the  420th  of  an  i^ch. 

The  power  of  this  machine  will,  therefore,  be  ex- 
pressed by  the  number  of  times  the  420th  of  an  inch  is 
contained  in  the  circumference  through  which  the  power 
moves. 

(296.)  In  the  practical  application  of  this  principle 
at  present  the  arrangement  is  somewhat  different  The 
two  threads  are  usually  cut  on  different  parts  of  the 
same  cylinder.  If  nuts  be  supposed  to  be  placed  upon 
these,  which  are  capable  of  moving  in  the  direction  of 
the  length,  but  not  of  revolving,  it  is  evident  that  by 
turning  the  screw  once  round,  each  nut  will  be  advanced 
through  a  space  equal  to  the  breadth  of  the  respective 
tfareada.  By  this  means  the  two  nuts  will  either  ap- 
proach each  other,  or  mutually  recede,  according  to  the 
direction  in  which  the  screw  is  turned,  through  a  space 
equal  to  the  difference  of  the  breadth  of  the  threads, 
and  they  will  exert  a  force  either  in  compressing  or 
extending  any  substance  placed  between  them,  propor- 
tionate to  the  smallness  of  that  difference. 

(299.)  A  toothed  wheel  is  sometimes  used  instead  of 
a  nut,  so  that  the  same  quality  by  which  the  revolution 
of  the  screw  urges  the  nut  forward  is  applied  to  make 
the  wheel  revolve.  The  screw  is  in  this  case  called 
an  endless  screw,  because  its  action  upon  the  wheel  may 
be  continued  without  limit.  This  application  of  the 
screw  is  represented  in  Jig»  143.  P  is  the  winch  to 
which  the  power  is  applied ;  and  its  effect  at  tiie  circum- 
ference of  the  wheel  is  estimated  in  the  same  manner  as 
the  effect  of  the  screw  upon  the  nut  This  effect  is  to 
bt  considered  as  a  power  acting  upon  the  circiunfeTence 


(300.)  W«  have  hiibeita  cMBidn«4  tbe  i 
■I  enpaf  need  tn  tn-enmip  frm  rpei^Uaees.  It  » 
•bo  «dudoiii}t  useful  in  Kvenl  departments  ct  r^ 
nMntal  acwnc^.  ftv  Ihp  nwanrement  of  rnr  m 
motioDf  and  spacer  the  magnitllde  of  vhk^  c 
MMceljr  be  ascpnuned  by  any  ollieT  mesas^  1^  tcif 
•low  moitiin  which  nnr  bv  imparted  to  tb^  ead  rf  i 
•ereir,  by  •  i  ett  ronsitlenble  moboa  in  One  ponr.  mv- 
dem  it  peculiarly  wet)  adapted  for  the  pnrpcise.  To  V- 
plaan  the  maimer  in  which  it  is  applied  — 
ts  b«  ao  cut  aa  to  hsTe  dfty  threads  in  an  inch,  OMk  aet- 
olulHNi  of  the  screw  will  Bdcanre  ita  point  lluwgkfc 
fiftiptli  pan  of  an  inch.  Now,  suppose  the  headtf  ^ 
Bcre*  to  be  ■  cirele,  whive  diameter  i«  an  iiKh,  the  ^ 
of  tbe  head  will  be  sonwIJttD^  n 
;  this  may  be  eaftly  divided  into  i 
a  distinctly  vinble.  If  a  fixed  iodez  bc|«- 
>  this  graduated  earn 
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aa  a  magazine  in  which  force  may  be  deposited  and  ac- 
comulated,  to  be  used  in  any  way  which  may  be  neces- 
sary. For  many  reasons,  which  will  be  sufficiently 
obvious,  the  form  commonly  given  to  the  mass  of  matter 
used  for  this  purpose  in  machinery  is  that  of  a  wheel,  in 
the  rim  ^of  which  it  is  principally  collected.  Conceive 
a  massive  ring  of  metal,  Jig.  149.,  connected  with  a 
central  box  or  nave  by  light  spokes,  and  turning  on  an 
asis  with  little  friction.  Such  an  'apparatus  is  called  a 
fly-wheel.  If  any  force  be  applied  to  it,  with  that 
force  (making  some  slight  deduction  for  friction)  it  will 
move,  and  will  continue  to  move  until  some  obstacle 
be  opposed  to  its  motion,  which  will  receive  from  it  a 
part  of  the  force  it  has  acquired.  The  uses  of  this 
i^yparatus  will  be  easily  understood  by  examples  of  its 
application. 

Suppose  that  a  heavy  stamper  or  hammer  is  to  be 
raised  to  a  certain  height,  and  thence  to  be  allowed  to 
fall,  and  that  the  power  used  for  this  purpose  is  a  water- 
wheel.  While  the  stamper  ascends,  the  power  of  the 
wheel  is  nearly  balanced  by  its  weight,  and  the  motion 
of  the  machine  is  slow.  But  the  moment  the  stamper  is 
disengaged  and  allowed  to  fall,  the  power  of  the  wheel, 
having  no  resistance,  nor  any  object  on  which  to  expend 
itself,  suddenly  accelerates  the  machine,  which  moves 
with  a  speed  proportioned  to  the  amount  of  the  power, 
until  it  again  engages  the  stamper,  when  its  velocity  is  as 
suddenly  checked.  Every  part  suffers  a  strain,  ana  the 
machine  moves  again  slowly  until  it  dischai^es  its 
load,  when  it  is  again  accelerated,  and  so  on.  In  this 
case,  besides  the  certainty  of  injury  and  wear,  and  the 
probability  of  fracture  from  the  sudden  and  frequent 
changes  of  velocity,  nearly  the  whole  force  exerted  by 
the  power  in  the  intervals  between  the  commencement 
of  each  descent  of  the  stamper  and  the  next  ascent  is 
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(oRD  bh  angle  irith  each  other.  Tbey  may  he  puallel, 
or  in  any  other  position,  the  rope  being  carried  over  a 
nifficient  niimbeT  of  whoela  pUced  so  as  to  give  h 
the  necessary  deflection.  This  method  of  moyilig 
loads  is  frequently  applied  in  great  public  works  where 
rail-roads  are  used.  Loaded  vaggona  descend  one 
inclined  plane,  while  other  waggons,  either  empty  or«o 
loaded  as  to  permit  the  descent  of  those  with  which  they 
are  cotuiceti'd,  are  drawn  up  tlie  other. 

(2!M>.)  la  the  application  of  the  inclined  plane  which 
we  have  hitherto  noticed,  the  machine  itself  is  supposed 
to  be  fixed  in  its  position,  while  the  weight  or  load  a 
moved  upon  it.  But  It  frequently  happens  that  redat- 
ances  are  to  he  ovarrome  which  do  not  admit  to  be  thiu 
moved.  In  such  coses,  instead  of  moving  the  load  upon 
the  planes,  the  plane  is  to  he  moved  under  or  against  the 
load.  Let  D  E,  _^.  132.,  be  a  heavy  beam  secured  in  i 
vertical  position  between  guidea  F  G  and  H  I,  so  thil 
it  is  free  to  move  upwards  and  downwards,  but  not  lat- 
erally. Let  A  B  C  be  an  inchned  plane,  the  extremit; 
of  which  is  placed  beneath  the  end  of  the  beam.    A 


ii  ijol  iyeijfialile  iii  proctk^  witb  aiQr  degr^  lof  acesitr 
iy«  ..Sliia  is  in.part  osrin|f,to  tlie  eiloiiiwiHfli |««i|i«rtin 
^fipe)^  thi^  liictioii  iq  noal  0«8ei|..b6m.  to  tJie  theont- 
Mk'ijiibie  of  ihe  ppwer, Imt  it91  iwnra.tD  thl nalwe cf 
^.piiw«rgeBenllyiiBe^  I^e  fy»e  at  t^  btorkcf  a 
IMlPiiPiy  'wbbfly  dUferMit  firon  .^ontinuedl  teces^  sucIlv 
a^tprppnue  of  ireigfat%  or  tl|»  feaisteaoe  offered  b]rtiMi 
BOfctifap  of  Miei)  that  they  echnit  of  oo  numenoil 
ffOHgwriira  Hence  we  «|)Bnot  propeify  etate  the  pro* 
fMjfioa  wUob  tbe  foroo  <^  Uow  beers  to  tbe  amooiit  of 
li;iKfliigHorrQH«t«nee«  Tbe. wedge  is  elmooiiiiTantb^ 
HBUdiAgr  peneussion ;  wJUletbe  reeisftuiees  wiiiah  it  ]mui 
IHfiPVfilHUlie  are  as  oqjDirtiBiitly  fimee  of  the  oilier  Jdnd* 
irtwwghi'  kofwi^vett  mot  onct  numeocal  lOonpniiMMi 
•MhfLlM^fit  y^t  it  my  he  ^katpd  yi  a.feiieril  Wvj  thiA 
thctMCadto  i?  ipofo.  aod  mere  poi^erfid  an  ita  ejigla  -ia 

6t(iii.tke  axta.imd  manefiMstareef  wedgea  are  »ed  wheiit 
aamwoiia  forqe  ie  to  be  e3Eei$ed  tfarougb*  %  vaiy  amafl 
mfitr  Thus  it  is  resorted  to  for  spUttw|r  mesaea  of 
Ijnifcitrpr  atone.  Sbipe  fve  raised  in  docha  by  wedgea 
driyenffiderlibeir  keels.  Tbe  wedge  is  tbe  prikieipal 
mtfrx^  ill  tbe  oil-suUL  Tbe  seeda  fjnom  which  tbe  ofl  is  to 
Ihp  evtraoted  pgre  introduced  into  hair  begs,  and  placed 
hplprfW  pUnes  of  baxd  wood.  Wedgea  insertadbe* 
%«fien  tbe  bags  are  driven  by  allowing  heavy  beailia -to 
^<M)tbem,  Tbe  pressure  thus  edited  it  ao  intofne^ 
tlwlitbe  seede  in  the  bags  are  jfontied  toto  a  anasiiaaffly 
^H^aotid  aa  wood. 

,rjQatanc0P  bav^  occui^  in.wbipb  tbe  wedge  baa. bMH| 
tMlld.to  Ke#tore  a  tottering  edi^  .to/ Us  perpesidiciilu 
yoaiy^m.:  AQ;  cutti^  aoApi^rpiogipstrui^ 
hMtPimK^rfPiai^^  cbiaej%  iiA^nKO/hfim,  naedlaai 
M^  SuQi.-  9Mfet,vedgpa.  .  Tbe;,«i»gU  of.4be  'wedgiai^ is 

o4 
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fbnii  ui  angle  w'tOi  etch  other.  Tbej  may  be  ponlM, 
oi  in  lajr  otiicr  poiitian,  the  rope  bein^  carried  over  t 
■ufficient  number  of  wheels  placed  so  as  to  giva  it 
the  necCBsai;  deflection.  Thia  method  of  moving 
loads  is  frequently  applied  in  great  public  works  when 
nil-roads  are  used.  Loaded  wa^^us  desceiid  one 
inclined  plane,  while  other  waggons,  either  empty  or  m 
loaded  a*  to  permit  the  descent  of  those  with  which  thef 
are  connected,  are  drawn  up  the  other. 

(390.)  In  the  application  of  the  inclined  plane  which 
we  have  hitherto  noticed,  the  machine  itself  is  sapposed 
la  he  fixed  in  its  position,  while  the  weight  or  load  i< 
mored  upon  it  But  it  frequently  bappena  that  nmit- 
aaces  are  to  be  overcome  which  do  not  admit  to  be  thns 
mored.  In  such  cases,  instead  of  moving  the  load  npra 
the  planes^  the  plane  is  to  be  raored  under  or  againat  the 
load.  Ijet  D  E,  Jif;.  133^  be  a  heavy  beam  aecmed  in  a 
vertical  position  between  guides  F  G  and  H 1,  so  that 
it  is  free  to  move  upwards  and  downwards,  but  not  lat- 
erally. Let  A  B  C  be  an  inclined  plane,  the  extiemity 
of  wiiich  is  placed  beneatJi  Ihc  end  of  the  beam.  A 
force  s 
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effects  of  machinesy  the  reader  will  not  be  liable  to  a 
similar  mistake.  On  the  contrary,  as  a  fly  cannot  act 
without  friction,  and  as  the  amount  of  the  friction,  like 
that  of  inertia,  is  in  proportion  to  the  weig^ht,  a  portion 
of  the  actual  moving  force  must  unavoidably  be  lost  by 
the  use  of  a  fly.  In  cases,  however,  where  a  fly  is  prop- 
ezly  i^iplied,  this  loss  of  power  is  inconsiderable,  com- 
pared with  the  advantageous  distribution  of  what  re- 
mains. 

As  an  acciunulator  of  force,  a  fly  can  never  have 
more  force  than  has  been  applied  to  put  it  in  motion.  In 
tiiis  respect  it  is  analogous  to  an  elastic  spring,  or  the 
force  of  condensed  air,  or  any  other  power  which  de- 
lirefl  its  existence  from  causes  purely  mechanicaL  In 
bending  a  spring,  a  gradual  expenditure  of  power  is  nec- 
essaiy.  On  the  recoil,  this  power  is  exerted  in  a  much 
shorter  time  than  that  consumed  in  its  production,  but  its 
total  amount  is  not  altered.  Air  is  condensed  by  a  suc- 
cession of  manual  efforts,  one  of  which  alone  would  be  in- 
capable of  projecting  a  leaden  ball  with  any  considerable 
force,  and  all  of  which  could  not  be  immediately  applied 
to  the  ball  at  the  same  instant.  But  the  reservoir  of  con- 
densed air  is  a  magazine  in  which  a  great  number  of 
Boch  efforts  are  stored  up,  so  as  to  be  brought  at  once 
into  action.  If  a  ball  be  exposed  to  their  efifect,  it  may 
be  projected  with  a  destructive  force. 

In  mills  for  rolling  metal  the  fly-wheel  is  used  in  this 
•  way.  The  water-wheel  or  other  moving]  power  is  al- 
lowed for  some  time  to  act  upon  the  fly-wheel  alone,  no 
load  being  placed  upon  the  machine.  A  force  is  thus 
gained  which  is  sufficient  to  roll  a  large  piece  of  metal, 
to  which  without  such  means  the  mill  would  be  quite 
inadequate.  In  the  same  manner  a  force  may  l?e  gained 
by  the  arm  of  a  man  acting  on  a  fly  for  a  few  seconds, 
mflicient  ta  impress  an  image  on  a  piece  of  metal  by  an 

,2 
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iiuUmtuBoua  itroke.  The  fly  is,  thenfoie,  the  priDopiI 
agent  in  coining  preMss. 

(8i'J.)  The  poirerof  K  fljr  ie  often  tnuumitted  to  fta 
woiUng  pcant  bj  means  of  ft  Krew.  At  the  extremitiM 
of  the  crou  um  A  B,  Jig.  157^  which  wotb  the  screw, 
two  heury  biUa  of  metal  are  placed.  When  the  ano  A  B 
b  whirted  nnitid,  thoM  nuMea  of  metal  acquire  a  mo- 
menttun,  by  which  the  acrew,  being  driven  ^wnwar^ 
urge*  the  die  with  an  immense  fbrce  against  the  aab- 
■tance  deatined  to  receive  the  impreuion. 

Some  engines  used  in  coining  hare  fliea  with  anni 
fbur  fitet  long,  bearing  one  hundred  weight  at  each  of 
their  extremitiea.  Bj  turning  such  an  aim  at  the  rate 
of  one  entire  circumference  in  a  second,  the  die  wiU  be 
driven  against  the  metal  with  the  same  force  aa  that  with 
wliich  7500  pounds  weight  would  fsH  firom  the  height  of 
16  feet ;  an  enormous  power,  if  the  simplicity  and  ccm- 
pactnesa  of  the  machine  be  considered. 

The  place  to  be  assigned  to  a  fly-wheel  relatively  ta 
the  other  parts  of  the  machinery  is  determined  by  ths 
purpose  for  which  it  is  used.    If  it  be  intended  to  e<{nal- 
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b  more  liable  to  intennission  than  in  the  casea  where 
latchet  wheela  are  generally  used. 

(399.)  When  a  road  directly  ascends  the  side  of  a  hill, 
it  if  to  be  considered  as  an  inclined  plane  ;  but  it  will  not 
lose  ita  mechanical  character,  if,  instead  of  directly  as- 
cending towards  the  top  of  the  hill,  it  winds  successively 
round  it,  and  gradually  ascends  so  as  after  several 
rerolotions  to  reach  the  top.  In  the  same  manner  a  path 
may  be  conceived  to  surround  a  pillar  by  which  the  as* 
cent  may  be  facilitated  upen  the  principle  of  the  inclined 
l^ane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  for  although  the 
ascent  be  produced  by  successive  steps,  yet  if  a  floor 
could  be  made  sufficiently  rough  to  prevent  the  feet 
ftom  slipping,  the  ascent  would  be  accomfdished  with 
equal  ftcility.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  form 
M  to  accommodate  it  to  the  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  be 
difficult  to  trace  the  resemblance  between  such  an  adapt- 
ation of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  is  nothing  more  than  an  inclined 
plane  constructed  upon  the  surfiice  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig.  135.,  be  a  common  round 
ruler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
form  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  £ 
of  the  paper  bo  marked  with  a  broad  black  line :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
thereto,  let  tlic  paper  be  rolled  round  the  ruler ;  the 
ruler  will  then  present  the  appearance  of  a  screw,  yi{g. 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
line  C  £,  winding  continually  round  the  ruler«    Let  D  F» 
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Thus,  in  the  case  in  which  the  load  is  at  periodical 
intorvils  withdrawn  from  the  machinp,  if  the  forca  of 
tie  power  could  bo  imparted  to  somctliinff  by  which  it 
would  be  prescrvcil,  eo  aa  to  be  brought  against  the  toad 
when  it  again  returned,  the  inconvenience  would  be 
removed.  In  like  manner,  in  the  case  where  the  power 
itself  is  subject  to  intermission,  if  a  part  of  the  force 
which  it  exerts  in  its  intervals  of  action  could  be  accu- 
iDulated  and  prseerved,  it  might  be  brought  to  bear  upoD 
the  machine  during  its  periods  of  suspension.  Bj  the 
same  means  of  accumulating  fbrce,  the  strength  of  an 
infant,  by  repeated  cffi>rts,  might  produce  effects  which 
would  be  vainly  attempted  by  the  aingle  and  momentoiy 
action  of  the  etrongeet  man. 

(909.)  The  property  of  inertia,  explained  and  illnatTa' 
ted  in  the  third  and  fourth  chapters  of  this  volume, 
Aimishes  an  easy  and  effectual  method  of  accomplishing 
this.  A  mass  of  matter  retains,  by  virtue  of  its  inertia, 
the  whole  of  any  fbrce  which  may  have  been  given 
to  it,  except  tliat  part  of  which  friction  and  the  abno- 
spheric  resistance  deprives  it     By  contrivances  which 
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Pint,  let  us  suppose  that  the  nut  A  B  is  fixed.  If  the 
serew  be  continually  turned  on  its  ajus,  by  a  lever  £  F 
inserted  in  one  end  of  it,  it  will  be  moved  in  the  direc- 
tioa  C  D,  advancing  every  revolution  through  a  space 
equal  to  the  distance  between  two  contiguous  threads. 
By  tunung  the  lever  in  an  opposite  direction  the  screw 
win  be  moved  in  the  direction  D  C. 

If  the  screw  be  fixed,  so  as  to  be  incapable  either  of 
mcfving  longitudinally  or  revolving  on  its  axis,  the  nut 
A  B  may  be  turned  upon  the  screw  by  a  lever,  and  will 
move  on  the  screw  towards  C  or  towards  D,  according  to 
the  direction  in  which  the  lever  is  turned. 

In  the  former  cases  we  have  supposed  the  nut  to  be 
alwolately  immoveable,  and  in  the  latter  case  the  screw 
to  be  absolutely  immoveable.  It  may  happen,  however, 
that  the  nut,  though  capable  of  revolving,  is  incapable  of 
moving  longitudinally ;  and  that  the  screw,  though  inca- 
pable of  revolving,  is  capable  of  moving  longitudinally. 
In  that  case,  by  turning  the  nut  A  B  upon  the  screw 
by  the  lever,  the  screw  will  be  urged  in  the  direction  C  D 
or  D  C,  ;according  to  the  way  in  which  the  nut  is  turned. 

The  apparatus  may,  on  the  contrary,  be  so  arranged, 
that  the  nut,  though  incapable  of  revolving,  is  capable  of 
moving  longitudinally ;  and  the  screw,  though  capable  of 
revolving,  is  incapable  of  moving  longitudinally.  In 
this  case,  by  turning  the  screw  in  the  one  direction  or  in 
the  other,  the  nut  A  B  will  be  urged  in  the  direction  C  D 
»DC. 

AH  these  various  arrangements  may  be  observed  in 
different  applications  to  the  machine. 

(394.)  A  screw  may  be  cut  upon  a  cylinder  by  placing 

.  &e  cylinder  in  a  turning  lathe,  and  giving  it  a  rotatory 

motion  upon  its  axis.    The  cutting  point  is  then  present- 

ed  to  the'  cylinder,  and  moved  in  the  direction  of  its 

length,  at  such  ti  rate  as  to  be  carried  through  the  dis- 
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In  the  pntctkal  ^)plicatir>n  of  nftchines,  the  object  to  ba 
atUined  i*  generally  to  commumcate  to  the  voMag 
point  iome  pecutiu  sort  of  motion  auitable  to  tbe  umi 
fbr  which  the  tn&chine  ie  intended ;  but  it  nrely  happeiu 
that  the  moving  power  haa  thia  eoit  of  motion.  Henee, 
the  machine  must  be  io  contrived  that,  while  that  port  an 
which  this  power  acts  is  cap^le  of  moving  in  obadiencc 
to  it,  its  connection  with  the  other  parts  sball  be  such 
that  the  working  point  may  receive  that  motion  which 
js  necessary  for  the  purposes  to  which  the  machine  it 
applied. 

To  give  a  perfeet  sedation  of  thl*  problem,  it  would  be 
necessary  to  explain,  liiet,  alt  the  vorietieB  of  moring 
powen  which  are  at  our  dlspoaal ;  secondly,  all  the  nde- 
ty  of  tnotions  which  it  may  be  necessoty  to  pnjdnee ; 
and,  thirdly,  to  show  all  the  methods  by  which  each  vaii- 
ety  of  prime  mover  may  be  made  to  produce  the  tereial 
flpeciee  of  motion  in  the  working  point  It  ia  obvioas 
that  such  an  enumeration  would  be  impractieable,  ud 
even  on  approximation  to  it  would  be  unanitable  to  tbs 
present  treatise.    Nevertheless,  so  much  ingennily  hat 
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tinongh  which  the  power  reyolvesi,  and  the  distance 
between  the  threads,  it  is  evident,  that,  to  increase  the 
efficacy  of  the  machine,  we  must  either  increase  the 
length  of  the  lever  by  which  the  power  acta,  or  diminiah 
the  magnitude  of  the  thread.  Although  there  is  no 
limit  in  theory  to  the  increase  of  the  mechanical  efficacy 
by  these  means,  yet  practical  inconvenience  arises 
which  .effisctually  prevents  that  increase  being  carried 
beyond  a  certain  extent  If  the  lever  by  which  the 
power  acts  be  increased,  the  same  difficulty  arises  as 
was  already  explained  in  the  wheel  and  axle  (254.) ;  the 
space  through  which  the  power  should  act  would  be  so 
unwieldy,  that  its  application  would  become  impractica- 
ble, li^  on  the  other  hand,  the  power  of  the  machine  be 
incieaBed  by  diminishing  the  size  of  the  thread,  the 
strength  of  the  thread  will  be  so  diminished,  that  a 
■light  resistance  will  tear  it  from  the  cylinder.  The 
cases  in  which  it  is  necessary  to  increase  the  power  of 
Hie  machine,  being  those  in  which  the  greatest  resistan- 
ces are  to  be  overcome,  the  object  will  evidently  be  de- 
feated, if  the  means  chosen  to  increase  that  power  de- 
prive the  machine  of  the  strength  which  is  necessary  to 
postain  the  force  to  which  it  is  to  be  submitted. 

(297.)  These  inconveniences  are  removed  by  a  con- 
trivance of  Mr.  Hunter,  which,  while  it  gives  to  the  ma- 
c}iine  all  the  requisite  strength  and  compactness,  allows 
it  to  have  an  almost  unlimited  degree  of  mechanical 
efficacy. 

This  contrivance  consists  in  the  use  of  two  screws, 
ttue  threads  of  which  may  have  any  strength  and  mag- 
nitude, but  which  have  a  very  small  diffisrence  of 
breadth.  While  the  working  point  is  urged  forward  by 
that  which  has  the  greater  thread,  it  is  drawn  back  by 
that  which  has  the  less ;  so  that  during  each  revolution  of 
the  screw,  instead  of  being  advanced  through  a  space 
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(314.)  B;  &  contmued  rectilinear  Dwtion  another  eon- 
Unued  ractilineftr  motion  in  a,  different  direction  miiy  be 
prixJuced,  by  one  or  more  fixed  pullej's.  A  cord  puKd 
over  these,  one  end  of  it  heiag  moved  by  the  power,  will 
tranamit  the  same  motion  uDchang'ed  to  the  other  end. 
If  the  directions  of  the  two  motions  croas  each  other,  ons 
fixed  pulle;  will  be  sufficient ;  see  ^,  113.,  where  tha 
hand  takes  the  direction  of  the  one  motion,  and  the 
weight  that  of  the  other.  In  this  case  the  puUey  mutt 
be  placed  in  the  angle  at  which  the  directioiia  of  the  two 
motions  cross  each  other.  If  this  angle  be  diitant  &<m 
the  places  at  which  the  objects  in  motion  are  aituale,  an 
inconvenient  length  of  rope  may  be  necessaiy.  In  this 
case  the  some  majr  be  effected  by  the  use  of  two  poUeyi^ 

Ifthe  directions  of  the  two  motions  be  parallel,  two 
pulleys  must  be  used,  as  in^.  158.,  where  P'  A'  is  one 
motion,  and  B  W  the  other.  In  these  cases  the  axln  of 
the  two  wheels  are  parallel. 

It  maj  so  happen  that  the  directione  of  the  two  nie- 
Uona  neither  cross  each  other  nor  are  paralleL      This 
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If  it  lie  necessary  to  change  the  Telocity,  any  of  the 
■yatems  of  pulleys  described  in  chap.  xv.  may  be  nsed  in 
addition  to  the  fixed  pulleys. 

By  the  wheel  and  axle  any  one  continued  rectilinear 
motion  may  be  made  to  produce  another  in  any  other 
direction,  and  with  any  other  velocity.  It  has  been 
already  explained  (250.)  that  the  proportion  of  the  ye- 
licity  of  the  power  to  that  of  the  weight  is  as  the  diame- 
ter of  the  wheel  to  the  diameter  of  the  axle.  The  thick- 
ness of  the  axle  being  therefore  regulated  in  relation  to 
the  size  of  the  wheel,  so  that  their  diameters  shall  have 
thitt  proportion  which  subsists  between  the  proposed  ve- 
locitiee,  one  condition  of  the  problem  will  be  fulfilled. 
The  rope  coiled  upon  the  axle  may  be  carried,  by  means 
of  one  or  more  fixed  pulleys,  into  the  direction  of  one  of 
the  proposed  melons,  while  that  which  surrounds  the 
wheel  is  carried  into  the  direction  of  the  other  by  similar 
means. 

(315.)  By  the  wheel  and  axle  a  continued  rectilinear 
motion  may  be  made  to  produce  a  continued  rotatory 
motion,  or  vice  versd.  If  the  power  be  applied  by  a  rope 
GoUed  up<m  the  wheel,  the  continued  motion  of  the  power 
in  a  straight  line  will  cause  the  machine  to  have  a  rota- 
tory motion.  Again,  if  the  weight  be  applied  by  a  rope 
coiled  upon  the  axle,  a  power  having  a  rotatory  motion 
applied  to  the  wheel  will  cause  the  continued  ascent  of 
the  weight  in  a  straight  line. 

Continued  rectilinear  and  rotatory  motions  may  be 

made  to  produce  each  other,  by  causing  a  toothed  wheel 

to  work  in  a  straight  bar,  called  a  rocAc,  carrying  teeth 

upon  its  edge.    Such  an  apparatus  is  represented  in 

/g.  159. 

In  some  cases  the  teeth  of  the  wheel  work  in  the 
links  of  a  chain.    The  wheel  is  then  called  a  rag-toko^ 
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obBerrattoM  ki0t6.)  wiU  therefore  be  arrpbcKble  to  UiC 

cues  of  great  weights  raised  by  sintl)  povere  by  hmwh 

of  the  aystem  of  (mUeye  jliat  deaeribcd. 

(376.)  When  two  or  more  ropes  arc  usod,  pulleys  mj 

be  combiDed  in  various  wa-ye  so  as  tfl  pmdtfce  any  degree 
of  mechwiica]  effect  If  to  any  of  the  eyBtems  alividy 
deachbed  a  single  moveable  pulley  be  added,  tlie  poviN 
of  the  [oachine  would  be  doubled.  In  this  caa«,  ttw 
MCMid  n^e  ia  attached  to  the  book  of  the  lotf«r  block, 
as  in  fy(.  133^  and  being  cunied  thrnugh  a  moveable 
pulley  attached  to  the  we-ifht,  it  is  finally  broaght  up'V 
a  &sed  pmoL  The  tcn^bn  of  the  second  cord  is  eqaal 
to  half  the  weight  (370.) ;  and  tfaerelbre  the  power  P,  by 
meoDB  of  the  fitat  cord,  will  have  oidj  half  the  teneion 
which  it  would  have  if  tln^  weight  were  attached  to  tfie 
lower  block.     A  moveable  pulley  thua  op^ted  in  calkJ  a 

(277.)  Two  syBtcnis  of  pulleys,  called  %>anuih  baitmt, 
having  each  two  rope?,  are  represented  in  jGg-.  iiS.  The 
tession  of  the  rope  P  A  B  C  in  the  Srst  system  ie  equal 
to  the  power;    and  theretbre  the  porta   BA  and  BC 


CHAP.  XV.  SPANISH  BARTOMfl.  233 

A  single  rope  may  be  so  arranged  with  one  moveable 
pulley  as  to  support  a  weight  equal  to  three  times  the 
power.  In^.  124.  this  arrangement  is  represented, 
where  the  numbers  sufficiently  indicate  the  tension  of 
the  rope,  and  the  proportion  of  the  weight  and  power. 
In  Jig,  125.  another  method  of  producing  the  same  effect 
with  two  ropes  is  represented. 

(278.)  If  several    single  meveable  pulleys  be  made 
Buccessively  to  act  upon  each  other,  the  effect  is  doubled 
by  every  additional  pulley :  such  a  system  as  this  is  rep- 
resented in  Jig,  126.    The  tension  of  the  first  rope  is 
equal  to  the  power ;  the  second  rope  acts  against  twice 
f     the  tension  of  the  first,  and  therefore  it  is  stretched  with 
\     a  force  equal  to  twice  the  power :   the  third  rope  acts 
t     against  twice  this  tension,  and  therefore  it  is  stretched 
i     with  a  force  equal  to  four  times  the  power,  and  so  on. 
i     In  the  system  represented  in  Jig,  12().  there  are  three 
nypes,  and  the  weight  is  eight  times  the  power.    Anoth- 
^t    er  rope  would  render  it  sixteen  tunes  the  power,  and 
%    so  on. 

■f        In  this  S3r8tem,  it  is  obvious  that  the  ropes  will  require 
0    to  have  difierent  degrees  of  strength,  since  the  tension  to 
i'    which  they  are  subject  increases  in  a  double  proportion 
tf    fix)m  the  power  to  the  weight 

'■         (279.)  If  each  of  the  ropes,  instead  of  being  attached 
^     to  fixed  points  at  the  top,  are  carried  over  fixed  pulleys, 
'      and  attached  to  the  several  moveable  pulleys  respective- 
ly, is  in  Jig,  127.,  the  power  of  the  machine  will  be 
grreatly  increased ;    for  in  that  case  the  forces  which 
stretch  the  successive  ropes  increase  in  a  treble  instead 
of  a  double  proportion,  as  will  be  evident  by  attending  to 
the  numbers  which  express  the  tensions  in  the  figure. 
One  rope  would  render  the  weight  three  times  the  pow- 
er.   Two  ropes  nine  times.    Three  ropes  twenty-seven 
tones,  and  so  on.    An  arrangement  of  pulleys  is  repre- 


JJ31  1HK  ■i.BiunTa  o 

sented  in  ^.  19&,  by  which  each  rope,  instead  o 
finally  attached  to  a  fixed  point,  aain^.  13&,isi 
to  the  weight  The  weight  ia  in  this  caee  suppt 
three  ropes ;  one  stretched  with  a  force  equa] 
power ;  anotJier  with  a  force  equal  to  twice  the 
and  a  third  with  a  force  equal  to  four  limea  the 
The  weight  ia  therefore,  in  this  case,  seven  tn 

(380.)  If  the  ropes,  iiurtead  of  beio^r  attache) 

weight,  paaa  through  wheels,  as  in  _fig,  139.,  i 
finally  attached  to  the  pulleys  above,  the  powei 
machiDc  will  be  cansidenbly  increased.  In  the 
here   represented,  the   weight  is  twenty-six   til 

(281.)  In  consideriug  these  several  combina 
pulleys,  we  have  omitted  to  estimate  the  eSecta  p 
by  the  weights  of  the  sheaves  and  blocks.  Witl 
tering  into  the  details  of  tliis  computation,  it 
observed  generally,  that  in  the  aystenw  repreai 
fga.  12G.  127.  the  weight  of  the  wheel  and  bio 
against  the  power ;   but  that  in  Jigt.  138.  and  U 
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Jl0b  ptfwer,  and  by  it  the  power  giving  tension  to  the  fint 
rape  sujrtains  a  part  of  the  weight  equal  to  itself.  The 
tet  hook  sustains  a  portion  of  the  weight  equal  to  the 
tension  of  the  first  string,  or  to  the  power.  The  second 
hook  snstains  a  force  equal  to  twice  the  power ;  and  the 
third  h0ok  sustains  a  force  equal  to  four  times  the -power. 
The  three  hooks  therefore  sustain  a  portion  of  the 
ireigfat  equal  to  seven  times  the  power ;  and  the  weight 
Itself  being  eight  times  the  power,  it  is  evident  that  the 
part  of  the  weight  which  remains  to  be  supported  by  the 
power  is  equal  to  the  power  itself. 

(283.)  When  a  weight  is  praised  by  any  of  the  systems 
of  pulleys  which  have  been  last  described,  the  proportion 
between  the  velocity  of  the  weight  and  the  velocity  of 
^Ihe  power,  so  frequently  noticed  in  other  machines,  wiU 
ilways  be  observed.    In  the  system  of  pulleys  represent- 
ed in  Jig.  126.,  the  weight  being  eight  times  the  power, 
tlie  Telocity  of  the  power  will  be  eight  times  that  of  the 
weiifht.    If  the  power  be  moved  through  eight  feet,  that 
port  of  the  rope  between  the  fixed  pulley  and  the  first 
inoveable  pulley  will  be  shortened  by  eight  feet    And 
■ixice  the  two  parts  which  lie  above  the  first  moveable 
pulley  must  be  equally  shortened,  each  will  be  dimin- 
iflhed  by  four  feet ;   therefore  the  first  pulley  will  rise 
through  four  feet,  while  the  power  moves  through  eight 
feet    In  the  same  way  it  may  be  shown,  that  while 
the  first  pulley  moves  through   four   feet,   the  second 
moves   through   two;    and  while  the    second    moves 
through  two,   the    third,   to   which   the  weight  is   at- 
attached,  is  raised  through  one  foot.    While  the  power, 
iherefore,  is  carried  through  eight  feet,  the  weight  is 
moved  through  one  foot. 

By  reasoning  similar  to  this,  it  may  be  shown  that  the 

tpBJce  through  which  the  power  is  moved  in  every  case  is 

*ils  many  tnne«  greater  than  the  height  through  which 
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An  ftpparabis  ^plied  by  M.  Zuiedft  in  a.  machine 
for  pricking  holes  in  leatlier  is  rcpresenteil  in  J^.  165. 
The  wheel  A  B  has  its  circumference  formed  into  teeth, 
the  shape  ofnhich  may  be  varied  according  to  the  cir- 
cumatances  under  which  it  is  to  be  applied.  One  extrem- 
ity of  the  rod  ah  rests  upon  the  teeth  of  the  wheel  upon 
which  it  ia  presaed  by  a  spring  at  the  other  extremi^. 
When  the  wheel  revolves,  it  comtnunicatea  to  this  rod  t 
reoiprocating  rectilinear  motion. 

Leopold  baa  appUcd  this  mechanism  to  move  the  pi«- 
tons  of  pumps.*  Upon  the  vertical  axis  of  a  hoiizoutil 
hydraulic  wheel  is  fixed  another  horizoatal  wheel,  wliich 
is  fumiahed  with  seven  teetli  in  (he  manner  of  a  crowD- 
wheel.  (2Ga)  These  teeth  arc  shaped  like  inclined 
planes,  (he  intervals  between  them  being  equal  \o  the 
length  of  the  planes.  Projecting  arms  attached  to  the 
piston  rods  rest  upon  the  crown  of  this  wheel  \  and,  ai  it 
revolves,  the  inclined  sur&cee  of  the  teeth,  being  fofced 
under  the  aim,  raiee  the  rod  upon  the  principle  of  the 
wedge.  To  diminish  the  obstruction  arising  from  fiiclion, 
the  projecting  arms  of  (he  piatoo  rods  are  provided  with 
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it  CBiinot  in  practice  be  accomplished  by  wheels  alone, 
for  their  diameters  would  be  too  large.  In  this  case,  a 
strap  or  chain  is  carried  round  the  circumferences  of  both 
wheels.  If  they  are  intended  to  turn  in  the  same  direc- 
tion, the  strap  is  arranged  as  in^.  100. ;  but  if  in  contrary 
directions,  it  is  crossed,  as  in  fg,  101.  In  this  case,  as 
with  toothed  wheels,  the  relative  velocities  are  determin- 
ed by  the  proportion  of  the  diameters  of  the  wheels. 

If  the  axles  be  distant  and  not  parallel,  the  cord,  by 
which  the  motion  is  transmitted,  must  be  passed  over 
grooved  wheels,  or  fixed  pulleys,  properly  placed  between 
the  two  axles. 

It  may  happen  that  the  strain  upon  the  "wheel,  to  which 
the  motion  is  to  be  transmitted,  is  too  great  to  allow  of  a 
stap  or  cord  being  used.  In  this  case  a  shafl  extending 
from  the  one  axis  to  another,  and  carrying  two  bevelled 
wheels  (263.),  will  accomplish  the  object.  One  of  these 
bevelled  wheels  is  placed  upon  the  shafl  near  to,  and  in 
connection  with,  the  wheel  from  which  the  motion  is  to 
be  taken,  and  the  other  at  a  part  of  it  near  to,  and  in  con- 
nection with,  that  wheel  to  which  the  motion  is  to  be 
conveyed,^.  166. 

The  methods  of  transmitting  rotation  from  one  axis 
to  another  perpendicular  to  it,  by  crown  and  by  bevelled 
wheels,  have  been  explained  in  (263.) 

The  endless  screw  (299.)  is  a  machine  by  which  a 
rotatory  motion  round  one  axis  may  communicate  a 
rotatory  motion  round  another  perpendicular  to  it.  The 
power  revolves  round  an  axis  coinciding  with  the  length 
of  the  screw,  and  the  axis  of  tlie  wheel  driven  by  the 
screw  is  at  right  angles  to  this. 

The  axis  to  which  rotation  is  to  be  given,  or  from 
which  it  is  to  be  taken,  is  sometimes  variable  in  its  posi- 
tion. In  such  cases,  an  ingenious  contrivance,  called  a 
wnivcrsal  joint,  invented  by  the  celebrated  Dr.  Hooke, 
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inijr  be  uied.  The  two  ihafts  or  osles  A  B,^.  167, 
between  which  the  motion  is  to  be  communicated,  twi 
minate  in  semicircles,  the  diameters  of  which,  C  D  ud 
-EF,  are  fixed  in  the  form  of  a  cross,  their  extremitiM 
moving  freelf  in  buehee  placed  in  the  extremities  of  Iba 
aemicircles.  Thus,  while  the  central  cross  remuna  un- 
moved, the  shift  A  and  its  semicircular  end  may  n- 
volve  round  C  D  as  an  aide ;  and  the  shaft  B  and  itt 
semicircular  end  may  revolve  round  E  F  u  an  axis.  If 
the  shaft  A  be  niade  to  revolve  without  cbmopag  iD 
direcdoQ,  the  points  C  D  will  move  in  a  circle  whoM 
centre  is  at  the  middle  of  the  cross.  The  motion  thus 
given  to  the  cross  will  cause  the  points  E  F  to  move  ill 
another  circle  round  the  same  centre,  and  hence  Ihs 
■haft  B  will  be  made  to  revolve. 

This  instrument  will  not  transmit  the  modon  if  the 
angle  underthe  directions  of  the  shafts  be  less  than  140°. 
In  this  case  a  double  joint,  as  represented  in^.  I6S., 
will  answer  the  purpose.  This  consists  of  four  semicir- 
eles  united  by  two  crosseB,  and  its  principle  and  opon- 
tion  is  the  same  as  in  the  last  case. 


Qtf>p^  ?)ui9  ue  Do^  level  m&j;  be  re(ar4e4  ■»  incljnfhj 
lAJIMif.  ^nd  iMub.dnwii  upon  tfae^  in  ceiri^gpi,  con- 
^ra^in  reference  tq  tbepowera  vbiph  impel  ttteifi,  ue 
i^ect  to  all  tfie  conditioiu  which  hare  been  eatabliehed 
«  ipiiliaed  pluies.  The  utclingtictii  of  die  roitd  is  eitl- 
nte^  I7  the  height  correapondiiv  to  *oi&b  propoMd 
qgA-  ^^<^  i'  ^  *^  to  ™e  one  foot  in  fifteen,  a)ie 
ig(  id  (vent;,  &.i;^  meuung  di^  if  fifteen  or  twen^ 
et  of  the  nud  be  taken  [u  the  lengtii  of  an  iIlclin^d 
i^te,  guch  m  A  B,  the  corresponding  height  will  be  one 
at  Or  the  rame  may  be '  ezprQMed  thqa :  that  if 
tefn  or  tven^  feet  be  measured  upon  the  ruad,  tliQ 
fbnaee  of  the  levels  of  the  two  extreniitieB  of  the 
ftnace  meuiued  is  ooe  foot  According  lo  thia 
atibod  of  eadiMting  the  incliDation  of  roads,  the  pow^ 
qWttQ  ^  aiutain  a  load  upoa  thf^m  (setting  ueide  tie 
&et  of  Erjction),  is  always  proportio[i«]  to  tliat  elgva^ 
f(k  Thus,  if  a  road  rise  one  foot  in  twenty,  a  powe^ 
'  one  ton  wiU  be  sufficient  to  auKtain  twenty  tons,  fifd 

.Qd  a  horizontal  plane  the  only  resistance  wiatli  tb9 
n^  hsa  to  overcome  is  the  Action  pf  tte  load  wilji 
e  .^lane,  and  the  consideration  of  this  being  for  the 
faeaxt  omitted,  a  weight  once  put  in  iqotuiq  vonld  c(^ 
iiva  nviTing  for  ever,  iritho\it  any  further  action  of  the 
i^ntp  But  if  the  plane  be  inclined,  the  power  Trill  ^ 
fended  in  raising  the  weight  thrp^h  the  perpepfljcif- 
t,  height  of  the  plane,  tlraa,  tp  a  road  ifhich  rise* 
te  fitot  in  ten,  the  power  is  expended, in-raising  IIm) 
^igt|t  through  one  perpendicular  foot  for  eveiy  ten  fbet 
'  Ijie  toad  over  wliich  'H)a  moved^  A*  tbe  expendi^u)^ 
',  power  depends  upon  the  r^te  at  which  t^e  weigtit.i* 
lined  peipeodiculaily,  it  is  avideiit  i^at  the  greats  1^ 
^tiim  (.f  the  joad  is^.ttte  rioy9r.Jllp..flp%» 
Wt  be.-^tb  tte.W«i  Siiee.  .,If  ^|»  ftmriff^^ 
eS 
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these  cases,  ia,  therefore,  connected  with  the  end  of  tl» 
beam  bj  long  Tod<i,  anil  the  bt^am  is  placed  beside  and 
below  tlio  engine.  The  use  of  a  fly-wheel  here  wodii 
also  he  objectionable.  The  effect  of  tlie  dead  pants 
explained  in  (311.)  is  avoided  without  theaidof  ajj, 
by  placing  two  cranks  upon  the  revolving  axle,  eoi 
working  thorn  by  two  pistons.  The  cranks  are  so  placed 
that  when  cither  is  at  ita  dead  point,  tlie  other  is  in  its 
most  favorable  position. 

A  wheel  A,  Jig.  iC9.,  anned  witli  wipers,  acting  upon  » 
sledge-hammer  B,  fixed  upon  a  centre  or  axle  C,  will,  hj 
a  continued  rotatory  motion,  give  the  hammer  the  re- 
ciprocating motion  necessary  for  the  purposes  to  which 
it  is  applied-  The  manner  in  which  this  acta  mnst  be 
eiident  on  inspecting  the  figure. 

The  trediile  of  tlje  lallie  fiirnislics  an  obvious  example 
of  a  vibrating  circular  motion  producing  a  conlinuaii 
circular  one.  The  trcddle  acta  upon  a  crank,  whid 
gives  motion  to  the  principal  wheel,  in  the  same  nfflnoei 
ILB  aJready  described  in   reference  to  the  working  beaB 
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^lit  may,  in  this  case,  be  found  aafoUowB.  Take 
iqoal  to  W  £,  and  draw  £'  P  perpendicular  to  the 
and  meeting  the  direction  of  the  power.  The 
ioli  of  the  power  to  the  weight  will  be  that  of 
WD.  And  the  proportion  of  the  pressure  to 
ght  will  be  that  of  the  diiSerence  between  W  F 
F'  to  W  D.  If  the  amount  of  the  power  have 
roportion  to  the  weight  than  W  P  has  to  W  D,  it 
;  support  the  body  on  the  plane,  but  will  illow  it 
Bnd.  And  if  it  had  a  greater  proportion,  it  will 
e  weight  up  the  plane  towards  A. 
)  It  sometimes  happens  that  a  weight  upon  one 
I  pilane  is  raised  or  supported  by  another  weight 
Dother  inclined  plane.  Thus,  if  A  Band  AB', 
L.,  be  two  inclined  planes  forming  an  angle  at  A, 
W  be  two  weights  placed  upon  these  planee, 
mected  by  a  cord  passing  over  a  pulley  at  A,  the 
ight  wiU  either  sustain  the  other,  or  one  will 
1,  drawing  the  other  up.  To  determine  the  cit* 
ices  under  which  these  efiects  will  ensue,  draw 
s  W  D  and  W IV  in  the  vertical  direction,  and 
on  them  as  many  inches  as  there  are  ounces  in 
ghts  respectively.    W  D  and  W  IV  being  the 

thus  taken,  and  therefore  representing  the 
I,  the  lines  W  E  and  W  E'  will  represent  the 
of  these  weights  respectively  down  the  planes. 
S  and  W  E'  be  equal,  the  weight  wiU  sustain 
her  without  motion.  But  if  W  E  be  greater  than 
the  weight  W  will  descend,  drawing  the  weight 

And  if  W  E'  be  greater  than  W  E,  the  weight 
I  descend,  drawing  the  weight  W  up.  In  every 
3  lines  W  F  and  W  F'  will  represent  the  pres- 
pen  the  planes  respectively, 
not  necessary,  for  the  effect  just  described,  that 
ined  planes  should,  as  represented  in  the  figure, 
o3 


390  TBE  ELUtEKTS  O 

instance  of  this  occura  in  the  steam-engine.  The  mol- 
ing force  in  tliis  machine  ia  tlie  prrs^nro  of  steam, 
wbicli  impels  a  piston  from  end  to  end  ulternatelj  in  t 
cylinder.  Tlie  force  of  tli is  piston  i^  comujunicatod  to 
the  working  beam  by  a  stcons  rod,  whicb  pa^cs  Uirougb 
acollor  in  one  end  of  the  iiiston.  Since  it  ia  ncceunj 
that  the  ateain  included  in  the  cylinder  should  not  escape 
between  the  piston  rod  and  tlie  collu  through  which  it 
moves,  and  yet,  that  it  should  move  as  freely  and  be 
subject  to  OS  little  resistance  as  possible,  tho  rod  i» 
turned  so  as  to  be  truly  cylindrical,  and  is nell  potLihed. 
It  is  evident  tliat,  under  these  circumstances,  it  must  not 
be  subject  lo  any  lateral  or  croiss  strain,  which  would 
bend  it  towards  one  side  or  the  other  of  the  cylinder. 
But  the  end  of  the  beam  to  wliich  it  comniunicatea  mo- 
lion,  if  connected  imiuediuCely  witli  the  rod  by  a  joint, 
would  draw  it  alternately  to  Uto  one  side  and  the  other, 
since  it  movca  in  the  arc  of  a  cltrle,  the  centre  of 
which  ia  at  the  centre  of  Ihe  beam.  It  is  neceaauy, 
therefore,  to  contrive  some  method  of  connectjng  the 
rod  and  the  end  of  Ihe  beum,  so  lliat  wliile  the  c 
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When  the  steam-en^ne  is  used  for  certain  ptirposeSi 
Bvch  as  pumpiug,  this  arrangement  is  sufficient  The 
jnston  in  that  case  is  not  forced  upwards  hy  the  pressure 
of  steam.  During  its  ascent  it  is  not  suhject  to  the  ac- 
tibti  of  any  force  of  steam,  and  the  other  end  of  the 
beam  falls  by  the  weight  of  the  pump-rods  drawing  the 
piston,  at  the  opposite  end  A,  to  the  top  of  the  cylin- 
der. Thus  the  machine  is  in  fact  passive  during  the 
aseent  of  the  piston,  and  exerts  its  power  only  during 
the  descent 

If  the  machine,  however,  he  applied  to  purposes  in 
which  a  constant  action  of  the  moving  force  is  neces- 
sary, as  is  always  the  case  in  manufactures,  the  force  of 
the  piston  must  drive  the  beam  in  its  ascent  as  well  as 
in  its  descent    The  arrangement  just  described  cannot 
eflbct  tiiis ;  for  although  a  chain  is  capable  of  transmit- 
tingf  any  fbree,  by  which  its  extremities  are  drawn  in 
opposite  directions,  yet  it  is,  from  its  flexibility,  incapable 
of  communicating  a  force  which  drives  one  extremity  of 
it  towards  the  other.    In  the  one  case  the  piston  first 
jMJEb  down  the  beam,  and  tlien  the  beam  pulls  up  the 
piston.    The  chain,  because  it  is  inextensible,  is  perfect- 
ly capable  of  both  these  actions ;    and  being  flexible, 
it  applies  itself  to  the  arch-head  of  the  beam,  so  as  to 
maintain  the  direction  of  its  force  upon  the  piston  con-  r 
tinnally  in  the  same  straight  line.    But  when  the  piston 
acts  upon  the  beam  in  both  ways,  in  pulling  it  down 
and  pushing  it  up,  the  chain  becomes  inefficient,  being 
from  its  flexibility  incapable  of  tlie  latter  action. 

The  problem  might  be  solved  by  extending  the  length 
of  the  piston  rod,  so  that  its  extremity  shall  be  above 
the  beam,  and  using  two  chains ;  one  connecting  the 
highest  point  of  the  rod  with  the  lowest  point  of  the 
atch-head,  and  the  other  connecting  the  highest  point  of 
the  arch-head  with  a  point  on  the  rod  below  the  point 
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form  ui  uigle  with  e&ch  other.  Thej  nuj  ba  panlld, 
or  in  anf  other  position,  tho  rope  being  CMiied  onr  t 
sufficient  niunbeT  of  wheels  pliced  so  aa  to  give  it 
the  neceiMiy  deflection.  This  method  of  moring 
loada  ii  frequently  implied  in  great  public  worka  when 
rail-roada  are  used.  Loaded  waggijna  descead  dbb 
inclined  plane,  while  other  waggons,  either  emptf  or  w 
loaded  as  to  permit  the  descent  of  thoae  with  which  thej 
•re  connected,  are  drawn  up  liie  other. 

(290.)  In  the  application  ofthe  inclined  plane  which 
we  have  hilJierlo  noticed,  the  machine  itself  ia  supposeii 
to  be  fixed  in  its  position,  while  the  weight  or  load  a 
moved  upon  it.  But  it  frequently  happens  that  leioA- 
Slices  are  to  he  overcome  which  do  not  admit  to  be  lima 
moved.  In  such  cases,  instead  of  moving-  the  load  upon  ' 
the  planes,  the  plane  i:!  to  he  moved  under  or  against  the 
load.  Let  D  E,  Ji^.  133.,  be  a  heavy  beam  secured  ia 
vertical  position  between  guides  F  G  and  H  I,  bo  11 
it  is  free  to  move  upwards  and  (iownwards,  but  not  li 
erally.  Let  A  B  C  be  an  inclined  plane,  the  eztjemil; 
of  which  ia  placed  beneath  llie  end  of  the   beam. 
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rhe  theoretical  estimation  of  the  power  of  this  machine 
10  not  applicable  in  practice  with  any  degree  of  accurir 
sy.  This  is  in  part  owing  to  the  enormous  proportion 
nrhich  the  friction  in  most  cases  bears  to  the  theoret- 
ical value  of  the  power,  but  still  more  to  the  nature  of 
the  power  generally  used.  The  force  of  a  blow  is  of  a 
lature  so  wholly  different  from  continued  forces,  such  as 
iie  pressure  of  weights,  or  the  resistance  offered  by  the 
soheaion  of  bodies,  that  they  admit  of  no  numerical 
iompexison.  Hence  we  cannot  properly  state  the  pro- 
Kntion  which  the  force  of  a  blow  bears  to  the  amount  of 
I  weight  or  resistance.  The  wedge  is  almost  invariably 
irged  by  percussion ;  while  the  resistances  which  it  has 
o  overcome  are  as  constantly  forces  of  the  other  kind, 
ythough,  however,  no  exact  numerical  comparison 
iMSk  be.  made,  yet  it  may  be  stated  in  a  general  way  that 
he  wedge  is  more  and  more  powerful  as  its  angle  is 
nore  acute. 

In  the  arts  and  manufactures,  wedges  are  used  where 
SBormous  force  is  to  be  exerted  through  a  very  small 
qiece.  Thus  it  is  resorted  to  for  splitting  masses  of 
timber  or  stone.  Ships  are  raised  in  docks  by  wedges 
Iriven  under  their  keels.  The  wedge  is  the  principal 
i^nt  in  the  oil-mill.  The  seeds  from  which  the  oil  is  to 
be  extracted  arc  introduced  into  hair  bags,  and  placed 
between  planes  of  hard  wood.  Wedges  inserted  be- 
tween the  bags  are  driven  by  allowing  heavy  beams  to 
fall  on  them.  The  pressure  thus  excited  is  so  intense, 
that  the  seeds  in  the  bags  are  formed  into  a  mass  nearly 
9fl  solid  as  wood. 

Instances  have  occurred  in  which  the  wedge  has  been 
O^ed  to  restore  a  tottering  edifice  to  its  perpendicular 
position.  All  cutting  and  piercing  instruments,  such  as 
lyyiv<>fij  razors,  scissors,  chisels,  &lc^  nails,  pins,  needles; 
awls,  &c.  are  wedges.     The  angle  of  the  wedge^  in 
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To  OMBprehend  the  nieUiod  of  working  the  other  pu- 
tm,  ooDceive  &  rod  G  P',  equU  in  length  to  BD,  to  be 
attached  to  the  end  G  of  the  beam  by  a  pivot  on  wMcb 
it  moves  fteely  ;  and  let  its  extremitf  P'  be  connected 
with  D  b;  another  rod  P'  D,  equal  in  length  to  GB, 
and  playing  on  points  at  P'  and  D.  Tho  piston  H>d  of 
the  cylinder  ia  attached  to  the  point  P',  and  this  poiiil 
has  a  motion  precisely  similar  to  that  of  P,  without  aay 
lateral  derangement,  but  with  a  range  in  th«  peqieodicn- 
lar  direction  twice  aa  greaL  This  will  be  apparent  bf 
conceiving  a  streigbt  line  drown  from  the  ceobe  A  of 
the  beam  to  P',  which  will  also  pass  through  P.  BioM 
G  P'  is  alwaye  pandlel  to  B  P,  it  is  erident  that  the  tri- 
angle P'  G  A  is  always  similar  to  P  B  A,  and  hat  iU 
sides  and  angles  similarly  placed,  but  those  aidei 
ara  each  twice  the  magnitude  of  tlie  correaponding 
sides  of  the  other  triangle.  Hence  the  point  P'  must  be 
•ubject  to  the  same  changes  of  position  as  the  point  F, 
with  this  difibrence  only,  that  in  the  same  time  it  morsi 
over  a  apace  of  twice  the  magnitude.  In  fact,  the  liiw 
traced  by  P'  is  the  same  as  that  traced  by  P,  but  oa  a 
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it  more  liable  to  iittennission  than  in  the  cases  where 
ntchet  wheels  are  generally  used. 

(393.)  When  a  road  directly  ascends  the  side  of  a  hill, 
it  is  to  be  considered  as  an  inclined  plane  ;  but  it  will  not 
lose  ilB  mechanical  character,  if,  instead  of  directly  as- 
cending towards  the  top  of  the  hill,  it  winds  successively 
round  it,  and  gradually  ascends  so  as  after  several 
revolutions  to  reach  the  top.  In  the  same  manner  a  path 
may  be  conceived  to  surround  a  pillar  by  which  the  as- 
cent may  be  facilitated  upen  the  principle  of  the  inclined 
plane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  for  although  the 
•flcent  be  produced  by  successive  steps,  yet  if  a.  floor 
could  be  made  sufficiently  rough  to  prevent  the  feet 
from  slipping,  the  ascent  would  be  accomplished  with 
equal  ikcility.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  fom 
■a  to  acc<Hnmodate  it  to  the  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  be 
difficult  to  trace  the  resemblance  between  such  an  adapt- 
ation of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  ia  nothing  more  than  an  inclined 
plane  constructed  upon  the  surface  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig,  135.,  be  a  c(»mnon  round 
ruler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
form  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  E 
of  the  paper  be  marked  with  a  broad  black  line  :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
thereto,  let  the  paper  be  rolled  round  the  ruler ;  the 
ruler  will  then  present  the  appearance  of  a  screw,  Jig. 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
Une  C  E,  winding  continually  round  the  ruler.    Let  DF» 
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contact  with  the  surfacea  either  of  fixed  parts  or  of  poila 
having  other  motions.  If  theae  BUifitces  were  endued 
with  perfect  amoothnesa  or  polish,  and  the  aeveral  pud 
subject  to  atraina  possessed  perfect  inflexibility  txti  in- 
iinite  strength,  then  the  eflects  of  machinery  might  be 
practicaUy  inveattgated  by  the  priuciples  already  ex- 
plained. But  the  materials  of  which  every  nwohine  ii 
formed  are  endued  with  limited  strength,  and  therefen 
the  load  which  is  placed  upon  it  must  be  restticted  ac- 
cordingly, else  it  will  be  liable  to  be  distorted  by  d» 
fiexure,  or  even  tn  be  destroyed  by  the  t^actiue  of  tha*e 
parts  which  are  aubmitted  to  an  undue  strain.  The  tar- 
ftcea  of  the  taovable  parts,  and  those  surfaces  with  which 
tfaej  move  in  contact,  cannot  in  practice  be  rendered  ■> 
smooth  but  that  such  roughness  and  inequality  will  re- 
raain  as  senaibly  to  impede  the  motion.  To  orsTCome 
such  an  impedimont  requires  no  inconsiderable  part  of 
the  moving  power.  This  part  ia,  thfrefore,  intercepted 
before  its  arrival  at  the  working  point,  and  the  reaiMuce 
to  be  finally  overcome  is  deprived  of  it.  The  property 
thus  depending  on  tlie  impprfect  ajnoothneaa  of  surfeces. 
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Tint,  let  vm  sappose  that  the  nut  A  B  ii  fixed.  If  the 
lerew  be  continually  turned  on  its  aida,  hj  a  lever  E  F 
inaexted  in  one  end  of  it,  it  will  be  moved  in  the  direc- 
tkm  C  Dy  advancing  every  revolution  through  a  space 
equal  to  the  distance  between  two  contiguow  threads. 
By  turning  the  lever  in  an  opposite  direction  the  screw 
will  be  moved  in  the  direction  D  C. 

If  the  screw  be  fixed,  so  as  to  be  incapable  either  of 
monng  longitudinally  or  revolving  on  its  axis,  the  nut 
A  B  may  be  turned  upon  the  screw  by  a  lever,  and  will 
move  on  the  screw  towards  C  or  towards  D,  according  to 
die  direction  in  which  the  lever  is  turned. 

In  the  former  cases  we  have  supposed  the  nut  to  be 
■bflolntely  immoveable,  and  in  the  latter  case  the  screw 
to  be  absolutely  immoveable.  It  may  happen,  however, 
that  the  nut,  though  capable  of  revolving,  is  incapable  of 
moving  longitudinally ;  and  that  the  screw,  though  inca- 
p^le  of  revolving,  is  capable  of  moving  longitudinally. 
In  that  case,  by  turning  the  nut  A  B  upon  the  screw 
by  the  lever,  the  screw  will  be  urged  in  the  direction  C  D 
or  D  C,  'according  to  the  way  in  which  the  nut  is  turned. 

The  apparatus  may,  on  the  contrary,  be  so  arranged, 
that  the  nut,  though  incapable  of  revolving,  is  capable  of 
moving  longitudinally ;  and  the  screw,  though  capable  of 
revolving,  is  incapable  of  moving  longitudinally.  In 
tfiis  case,  by  turning  the  screw  in  the  one  direction  or  in 
the  other,  tlie  nut  A  B  will  be  urged  in  the  direction  C  D 
or  DC. 

All  these  various  arrangements  may  be  observed  in 
:  dtfTerent  applications  to  the  machine. 
,  (9^4.)  A  screw  may  be  cut  upon  a  cylinder  by  placing 
\  file  cylinder  in  a  turning  lathe,  and  gi^g  it  a  rotatory 
',  motion  upon  its  axis.  The  cutting  point  is  then  present- 
'  ad  to  tiie*  cyUnder,  and  moved  in  the  direction  of  its 
hngfh^  at  raeh  it  rate  as  to  be  carried  through  the  dis^ 
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Now,  inStnd  of  the  emmencoa  being  &t  a  caandiM- 
ble  distanca  asnnder,  sappoM  them  to  be  contiguon^ 
and  to  be  spread  in  eTery  direction  ovei  the  hoiizaoUl 
plane,  and  alao  suppose  corresponding  emineneei  tabs 
upon  the  Bur&ce  of  the  moving  body;  these  pnltiv- 
tions  incessantly  encountering  one  another  will  conlina- 
allj  obstruct  the  motion  of  the  body,  and  irill  grkdwdlj 
diminish  its  velocity,  until  it  be  reduced  to  a  state  of 
rest. 

Bach  is  the  cause  of  friction.  The  aznount  of  this 
resisting  force  increases  with  the  magnitude  of  these 
asperitiBB,  or  with  the  roughness  of  the  sur&cM ;  bat  it 
does  not  solely  depend  on  this.  The  surfaces  remuniiig 
ibs  same,  a  little  reflection  on  the  method  of  illHstr»- 
tion  jnst  adopted,  will  show  that  the  amoant  of  fiictioa 
ought  also  to  depend  upon  the  force  with  which  the  wm- 
fkces  moring  one  upon  the  other  ae  pressed  togadm. 
It  is  evident,  that  as  the  weight  of  tlie  body  supposed  to 
move  upon  the  horizontal  plane  is  increaaed,  a  jKOpor- 
tionalJy  greater  force  will  be  necessary  to  esnjr  it  owor 
the  obstacles  which  it  eiicountera,  nni  therefore  it  will 
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through  which  the  power  reyolvea,  and  the  distuice 
between  the  threads,  it  is  evident,  that,  to  increaae  the 
efficacy  of  the  machine,  we  must  either  increase  the 
length  of  the  lever  by  which  the  power  acta,  or  Hnwinigh 
the  magnitude  of  the  thread.  Although  there  is  no 
limit  in  theory  to  the  increase  of  the  uMchanical  efficacy 
by  these  means,  yet  practical  inconvenience  arises 
which  effectually  prevents  that  increase  being  carried 
beyond  a  certain  extent  If  the  lever  by  which  the 
power  acts  be  increased,  the  same  difficulty  arises  as 
was  already  explained  in  the  wheel  and  axle  (354.) ;  the 
■pace  through  which  the  power  should  act  would  be  ao 
anwieldy,  that  its  application  would  become  impractica- 
Ue«  JS,  on  the  other  hand,  the  power  of  the  machine  be 
iDcnreased  by  diminishing  the  size  of  the  thread,  the 
strength  of  the  thread  will  be  so  diminished,  that  a 
■light  resistance  will  tear  it  from  the  cylinder.  The 
cases  in  which  it  is  necessaiy  to  increase  the  power  of 
flie  machine,  being  those  in  which  the  greatest  resistan* 
cea  are  to  be  overcome,  the  object  will  evidently  be  de* 
Ibated,  if  the  means  chosen  to  increase  that  power  de- 
prive the  machine  of  the  strength  which  is  necessary  to 
piatain  the  force  to  which  it  is  to  be  submitted. 

(297.)  These  inconveniences  are  removed  by  a  con- 
trivance of  Mr.  Hunter,  which,  while  it  gives  to  the  ma^ 
fchine  all  the  requisite  strength  and  compactness,  allows 
it  to  have  an  almost  unlimited  degree  of  mechanical 
efficacy. 

This  contrivance  consists  in  the  use  of  two  screws, 
,  the  threads  of  which  may  have  any  strength  and  mag- 
nitude, but  which  have  a  very  small  difference  of 
breadth.  While  tlie  working  point  is  urged  forward  by 
that  which  has  the  greater  thread,  it  is  drawn  back  by 
Uiat  which  has  the  less ;  so  that  during  each  revolution  of 
Ui0  screw,  instead  of  being  advanced  through  a  space 
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Uws ;  and  when  it  ia  ver;  Bmall  in  proportion  to  Qta  ■>» 
&ce,  it  ia  eomeirhat  ^tater. 

(333.)  There  ure  two  methods  of  eatahliiihing  bj 
eiperiment  the  laws  of  friction,  which  have  been  jiut 
explained. 

First.  The  hut&ccs  between  which  the  friction  ia  to 
be  determined  being  rendered  perfectly  flat,  let  one  1m 
find  in  the  horizontal  position  on  a  table  T  T',  fig.  17&  \ 
and  let  the  other  be  attached  to  the  bottom  of  a  box  B  <^ 
adapted  to  receive  weights,  *o  as  to  vu?  tlM  preMmVi 
Let  a  silken  cord  S  P,  attached  to  the  box,  be  cutied 
parallel  to  the  Uble  over  a  wheel  at  P,  end  let  a  diah  D 
be  suspended  from  it  If  no  friction  existed  betwMX 
the  surfaces,  the  smallest  weight  qipended  to  the  ooA 
would  draw  the  box  towards  P  with  a  contimuUy  in- 
creasing speed.  But  the  friction  which  always  existf 
ittterruptB  this  pfibct,  and  a  amaU  weight  may  Mt  npoB 
the  string  without  moving  the  box  at  all-  l^et  weight* 
be  put  in  the  dish  S,  until  a  sufficient  force  ia  obtained 
to  overcome  the  friction  without  giving  the  box  an  accel- 
erated motion.      Such  a  weight  is  eqiji¥alent  to  tfa* 
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tiie  weight  is  resisted  by  the  plane,  and  prodaces  a  pres- 
Bure  upon  it ;  and  the  remainder  urges  the  wei^^t  down 
the  plane,  and  would  produce  a  pressure  against  any 
aniftce  resisting  its  motion  placed  in  a  direction  perpen- 
dicular to  the  plane  (131.) 

Let  A  B,y^.  130.,  be  such  a  plane,  B  C  its  horizon- 
tal base,  A  C  its  height,  and  A  B  C  its  angle  of  elevation. 
Let  W  be  a  weight  placed  upon  it  This  weight  acts 
in  the  vertieal  direction  W  D,  and  is  equivalent  to  two 
Ibrces,  WF  perpendicular  to  the  plane,  and  WE  di- 
rected down  the  plane  (74.)  If  a  plane  be  placed  at 
right  angles  to  the  inclined  plane  below  W,  it  will  resist 
^  descent  of  the  weight,  and  sustain  a  pressure  ex- 
pressed by  W  £.  Thus,  the  weight  W  resting  in  the 
soiner,  instead  of  producing  one  pressure  in  the  direc- 
tion W  D,  will  produce  two  pressures,  one  expressed  by 
W  F  upon  the  inclined  plane,  and  the  other  expressed 
l>y  W  E  upon  the  resisting  plane.  These  pressures  re- 
ipectively  have  the  same  proportion  to  the  entire  weight 
9d  W  F  and  WE  have  to  W  D,  or  as  D  E  and  W  E 
hyave  to  W  D,  because  D  E  is  equal  to  W  F.  Now  the 
triangle  W  E  D  is  in  all  respects  simOar  to  the  triangle 
A  B  C,  the  one  differing  from  the  other  only  in  the  scale 
cm  which  it  is  constructed.  Therefore,  the  three  lines 
A  C,  C  B,  and  B  A,  are  in  the  same  proportion  to  each 
other  as  the  Imes  W  E,  E  D,  and  W  D.  Hence,  A  B 
has  to  AC  the  same  proportion  as  the  whole  weight 
has  to  the  pressure  directed  toward  B,  and  A  B  h&s  to 
BC  the  same  proportion  as  the  whole  weight  has  to 
the  pressure  on  the  inclined  plane. 

We  have  here  supposed  the  weight  to  be  sustained 
upon  the  inclined  plane  by  a  hard  plane  fixed  at  right 
angles  to  it.  But  the  power  necessary  to  sustain  the 
weight  will  be  tlie  same  in  whatever  way  it  is  applied, 
Ittovided  it  act  in  the  direction  of  the  plane.    Thus,  a 
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elOTStioD  18  necessary  to  OTercome  the  fHctioii;  nor  wiD 
this  elevation  suffer  any  change,  however  the  pretsore 
or  the  magnitude  of  the  eurfaces  which  move  in  contMt 
may  be  varied. 

Since,  therefore,  in  all  theae  cases,  the  height  AE 
and  the  haae  BE  remain  the  same,  it  follows  that  the 
proportion  hetveen  the  fiicUon  and  presmue  is  nndi*- 
turbed. 

(394.)  The  law  that  friction  is  proportional  to  Uie 
presstire,  has  been  questioned  by  the  late  profewor 
Vince  of  Cambridge,  who  deduced  from  a  series  of 
experiments,  that  although  the  friction  increases  with 
the  pressure,  yet  that  it  increases  in  a  somewhat  len 
latio ;  and  from  this  it  would  follow,  that  the  variation  of 
the  sar&ce  of  contact  must  produce  some  effect  npto 
the  amount  of  friction.  The  law  as  we  have  ezidained 
it,  however,  is  sufficiently  near  the  tmth  for  mo«t  {wacti- 
cal  puipooee. 

(325.)  There  are  aeversl  circumalancea  regarding  the 
quality  of  the  surfaces  which  produce  important  effect* 
on  the  quantity  of  friction,  and  wliich  ought  to  be  no- 
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certain  time,  because  that  process  has  a  tendency  to 
remoye  and  rub  oflTthose  minute  asperities  and  projec- 
tions on  which  the  friction  depends.  But  this  has  a  limit, 
and  after  a  certain  quantity  of  attrition  the  friction 
ceases  to  decrease.  Newly  planed  surfaces  of  wood 
have  at  first  a  degree  of  friction  which  is  equal  to  half 
the  entire  pressure,  but  after  they  are  worn  by  attrition 
it  is  reduced  to  a  third. 

If  the  sur&ces  in  contact  be  placed  with  their  grains 
in  the  same  direction,  the  friction  will  be  greater  than  if 
the  grains  cross  each  other. 

Smearing  the  surfaces  with  unctuous  matter  diminish- 
es the  friction,  probably  by  filling  the  cavities  between 
the  minute  projections  which  produce  the  friction. 

When  the  surfaces  are    first  placed  in  contact,  the 
firiction  is  less  than  when  they  are  suffered  to  rest  so  for 
SGome  time ;  this  is  proved  by  observing  the  force  which 
in  each  case  is  necessary  to  move  the  one   upon  the 
other,  that  force  being  less  if  applied  at  the  first  moment 
of  contact    than    when    the    contact   has    continued. 
This,  however,  has  a  limit.      There  is  a  certain  time, 
difiSsrent  in  different  substances,  within  which  this  re- 
sistance  attains  its  greatest  amount      In  surfaces  of 
wood  this  takes  place  in  about  two  minutes ;  in  metal& 
the  time  is  imperceptibly  short ;  and  when  a  surface  of 
wood  is  placed  upon  a  surface  of  metal,  it  continues  tOi 
increase  for  several  days.    The  limit  i^  larger  when  the. 
surfaces  are  great,  and  belong  to  substances  of  diSerent: 
kinds. 

The  velocity  with  which  the  surfaces  move  upon  one* 
another  produces  but  littie  efiect  upon  the  fnetion. 

{326,)  There  are  several  ways  in  which  bodies  may 
move  one  upon  the  other,  in  which  friction  will  produce- 
different  effects.  The  principal  of  these  are,  first,  the 
case  where  one  body  slides  over  another;  the  second>, 
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iriiera  ft  body  having  a  round  form  n>C*  npon  uiodier; 
utd,  Otirdly,  where  an  axia  revolvea  vithia  a  holloir 
cjlindoT,  or  the  hollow  cylinder  revolves  upon  tlie  am 
With  tlie  same  amount  of  pressure  and  a  like  qualitjr 
of  surface,  the  quantity  of  friction  is  greatest  in  the  first 
case  and  least  in  the  second.  The  friction  in  the  sec- 
ond case  also  depends  on  the  diameter  of  the  body 
which  rolls,  and  is  email  in  proportion  as  that  diameter 
is  great  Thus  a  carriage  with  large  wheeb  is  less  im- 
peded by  the  triction  of  the  road  than  one  with  small 

In  the  third  case,  the  leverage  of  the  wheel  aids  the 
power  in  overcoming  the  friction.  Ijetjig.  17B,  repre- 
sent a  section  of  the  wheel  and  axle ;  let  C  be  the  cen- 
tre of  the  axle,  and  let  B  E  be  the  hollow  cylinder  in  the 
nave  of  tha  wheel  in  which  the  axle  is  inserted.  If  B 
be  the  part  on  which  the  axle  presaes,  and  the  wheel 
turn  in  the  direction  N  D  M,  the  friction  will  act  at  B  in 
the  dii«ction  BF,  and  with  the  leverage  BC.  The 
power  acts  against  this  at  D  in  the  direction  D  A,  and 
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timt  in  which  there  is  the  least  qoaatity  of  fHctionr 
Thus  larjfe  blocks  of  stone,  or  heavy  heami  of  timber, 
which  would  require  an  enormons  power  to  move  them 
on  a  level  road,  are  easily  advanced  whenroUers  are  put 
under  them. 

When  very  heavy  weights  are  to  be  moved  through 
small  spaces,  this  method  is  used  with  advantage ;  but 
when  loads  are  to  be  transported  to  considerable  distan- 
ces, the  process  is  inconvenient  and  slow,  owing  to  the 
necessity  of  continually  replacing  the  rollers  in  front  of 
the  load  as  they  are  lell  behind  by  its  progressive  ad- 
vancement. 

The  wheels  of  carriages  may  be  regarded  as  rollers 
which  are  continually  carried  forward  with  the  load. 
In  addition  to  the  fiiction  of  the  rolling  motion  on  die 
roady  they  have,  it  is  true,  the  friction  of  the  axle  in 
the  nave  ;  but,  on  the  other  hand,  they  are  free  from  the 
friction  of  the  rollers  with  the  under  surface  of  the  load, 
or  the  carriage  in  which  the  load  is  transported*  The 
advantages  of  wheel  carriages  in  diminishing  the  effects 
of  friction  is  sometimes  attributed  to  the  slowness  with 
which  that  axle  moves  within  the  box,  compared  with 
the  rate  at  which  the  wheel  moves  over  the  road ;  but 
this  is  erroneous.  The  quantity  of  friction  does  not  in 
any  case  vary  considerably  with  the  velocity  of  the  mo- 
tion, but  least  of  all  does  it  in  that  particular  kind  of 
motion  here  considered. 

In  certain  cases,  where  it  is  of  great  importance  to 
remove  the  effects  of  friction,  a  contrivance  called  fnc- 
ivMi^whtds^  or  friction  rollers,  is  used.  The  axle  of  a 
friction-wheel,  instead  of  revolving  within  a  hollow 
cylinder,  which  is  fixed,  rests  upon  the  edges  of  wheels 
which  revolve  with  it ;  the  species  of  motion  thus  be- 
coooes  that  in  which  the  friction  is  of  least  amount. 


Let  A  B  and  D  C,  Jig.  179^  be  two  wheels  revolnif 
on  pivots  P  Q,  with  ea  little  friction  as  possible,  ud  M 
placed  that  the  axle  O  of  &  third  wheel  EF  mayMt 
betn-een  tfaeii  edges.  As  the  wheel  E  F  revolve^  As 
axle  O,  iostesd  of  grinding  its  Burfa^e  on  the  surface  on 
which  it  preBBCR,  caniea  that  suriiice  with  it,  causing  Iha 
wheels  A  B,  C  D,  to  revolve. 

In  wheel  caniBgea,  the  roughness  of  the  road  is  man 
easily  overcome  by  large  wheels  than  by  small  out*. 
The  cause  of  this  arises  partly  from  the  large  whseb 
not  being  so  liable  to  sink  into  holes  as  small  one^  htt 
more  because,  in  surmounting  obstacles,  the  load  i>  ele- 
vated less  abruptly.  This  will  be  easily  understood  by 
observing  the  curves  in^.  180,  which  represent  the 
elevation  of  the  axle  in  each  case. 

(S28.]  If  a  carnage  were  capable  of  moving  OD  a  road 
without  friction,  the  moat  advantageous  direction  in  whieb 
a  foice  could  be  applied  to  draw  it  would  be  parallel  to 
the  road.  When  the  motion  is  impeded  by  friction,itil 
better,  however,  that  the  line  of  draught  should  b«  io- 
clined  to  the  road,  ao  that  tiie  drawing  force  g 
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HiAt  a  part  of  the  force  of  drang^  is  lost  by  tfaofl  obliqui- 
ty ;  but,  OD  the  other  hand,  a  part  of  the  c^poeixig'  re- 
riataiice  is  also  removed.  If  die  latter  exceed  the  foim- 
Oy  an  advantage  will  be  gained  by  the  obliquity ;  but  if 
the  fbnner  exceed  the  latter,  force  will  be  lost 

By  mathematical  reasoning,  founded  on  these  considerar 
tions,  it  is  proved  that  the  best  angle  of  draught  is 
exactly  that  obliquity  which  should  be  given  to  the  road 
in  order  to  enable  the  carriage  to  move  of  itself  This 
obliquity  is  sometimes  called  the  cmgU  of  reposty  and  is 
that  angle  which  determines  the  proportion  of  the  fiic- 
tion  to  the  pressure  in  the  second  method  explained  in 
(3S23b)  The  more  rough  the  road  is,  the  greater  will 
thiB  angle  be ;  and  therefore  it  follows,  that  on  bad 
roads  the  obliquity  of  the  traces  to  the  road  should  be 
greater  than  on  good  ones.  On  a  smooth  Macadamized 
way  a  very  slight  declivity  would  cause  a  carriage  to 
rcdl  by  its  own  weight :  hence,  in  this  case,  the  traces 
should  be  nearly  parallel  to  the  road. 

In  rail  roads,  for  like  reasons,  the  line  of  draught 
should  be  parallel  to  the  road,  or  nearly  so. 

(329.)  When  ropes  or  cords  form  a  part  of  machinery, 
the  effects  of  their  imperfect  flexibility  are  in  a  certain 
degree  counteracted  by  bending  them  over  the  grooves 
of  wheels.  But  although  this  so  far  diminishes  these 
effects  as  to  render  ropes  practically  useful,  yet  still,  in 
calculating  the  powers  of  machinery,  it  is  necessary  to 
take  into  account  some  consequences  of  the  rigidity 
of  cordage,  which  even  by  these  means  are  not  jre- 
moved. 

To  explain  the  way  in  which  the  stifihess  of  a  rope 
modifies  the  operation  of  a  machine,  we  shall  suppose  it 
bent  over  a  wheel  and  stretched  by  weights  A  B,  Jig, 
188.,  at  its  extremities.  The  weights  A  and  B  being 
equal,  and  acting  atC  and  D  in  opposite  ways,  baksv:.^ 
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die  wbeeL  If  the  weight  A  receive  an  addition,  it  wili 
overcome  the  resigtaoce  of  B,  and  turn  the  wheel  in  tba 
direction  DEC.  Now,  for  the  present,  let  ub  guppoM 
that  the  rope  ia  perfectly  inflexible  ;  the  wheel  md 
weights  will  be  turned  into  the  position  represented  in 
Jig.  183.  The  leverage  by  which  A  acta  will  he  di- 
miniBhed,  »nd  will  become  O  F,  having  been  before 
O  C  ;  and  the  leverage  by  which  B  acts  will  be  incrsw- 
ed  to  O  G,  having  been  before  0  D. 

But  the  rope  not  being  inflexible  will  yield  putitllj 
to  the  effects  of  the  weights  Aand  B,  and  the  put)  AC 
and  B  D  will  be  bent  into  tlie  forme  repreaented  in  Jig. 
184.  The  form  of  tlie  curvature  which  the  rope  on 
each  aide  of  the  wheel  receives  is  still  such  that  the 
descending  weight  A  woilu  with  a  diminished  lerengs 
F  O,  while  the  ascending  weight  resists  it  with  an  in- 
creased leverage  GO.  Time  so  much  of  the  moriDg 
power  ia  lost,  by  the  stifibess  of  the  rope,  as  is  necenuj 
to  compensate  tliia  disiidvantageous  change  in  the  pow-  | 
er  of  the  machine. 
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II  more  liable  to  intermission  than  in  the  cases  where 
ntehet  wheels  are  generally  used. 

(999.)  When  a  road  directly  ascends  the  side  of  a  hill, 
it  is  to  be  considered  as  an  inclined  plane  ;  but  it  will  not 
lose  its  mechanical  character,  if,  instead  of  directly  as- 
cending towards  the  top  of  the  hill,  it  winds  successively 
round  it,  and  gradually  ascends  so  as  after  several 
reYidntions  to  reach  the  top.  In  the  same  manner  a  path 
may  be  conceived  to  surround  a  pillar  by  which  the  as- 
cent nmy  be  facilitated  upon  the  principle  of  the  inclined 
plane.  Winding  stairs  constructed  in  the  interior  of 
great  columns  partake  of  this  character ;  for  although  the 
aacent  be  produced  by  successive  steps,  yet  if  a  floor 
could  be  made  sufficiently  rough  to  prevent  the  feet 
ftom  slipping,  the  ascent  would  be  accomplished  with 
equal  ftcility.  In  such  a  case  the  winding  path  would 
be  equivalent  to  an  inclined  plane,  bent  into  such  a  form 
ur  to  accommodate  it  to  the  peculiar  circumstances  in 
which  it  would  be  required  to  be  used.  It  will  not  be 
difficult  to  trace  the  resemblance  between  such  an  adapt- 
■tum  of  the  inclined  plane  and  the  appearances  present- 
ed by  the  thread  of  a  screw :  and  it  may  hence  be  easily 
understood  that  a  screw  is  nothing  more  than  an  inclined 
plane  constructed  upon  the  surface  of  a  cylinder. 

This  will,  perhaps,  be  more  apparent  by  the  following 
contrivance :  Let  A  B,  Jig,  135.,  be  a  common  round 
mler,  and  let  C  D  £  be  a  piece  of  white  paper  cut  in  the 
fimn  of  an  inclined  plane,  whose  height  C  D  is  equal 
to  the  length  of  the  ruler  A  B,  and  let  the  edge  C  £ 
of  the  paper  be  marked  with  a  broad  black  line  :  let  the 
edge  C  D  be  applied  to  the  ruler  A  B,  and  being  attached 
thereto,  let  the  paper  be  rolled  round  the  ruler ;  the 
mler  will  then  present  the  appearance  of  a  screw,  ^. 
136.,  the  thread  of  the  screw  being  marked  by  the  black 
line  C  £2,  winding  continually  round  the  ruler.    Let  D  F» 
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(331.)  If  a  solid  be  submitted  to  a  foice  which  dnws 
it  in  the  direction  of  its  length,  having  a  tendency  to 
pull  its  ends  in  opposite  directions,  its  strength  or  power 
to  resist  such  a  force  is  proportional  to  the  magnkude  of 
ita  transverse  iection.  Thus,  suppose  a,  square  rod  of 
metal  AB,  fg.  165^  of  the  breadth  and  thickness  of 
one  inch,  be  pulled  by  a  force  io  the  direction  AB,  and 
that  a  certain  force  is  found  sufficient  to  tear  it ;  a  rod  of 
the  Bsme  metal  of  twice  the  breadth  and  the  wme 
thickness  will  require  double  the  force  to  break  it ;  one 
of  treble  the  breadth  and  the  same  thickness  wiU  re- 
quire treble  the  force  to  break  it,  and  so  on. 

The  reason  of  this  is  evident.  A  rod  of  double  or 
treble  the  thickness,  in  this  case,  is  equivalent  to  two  or 
three  equal  and  similar  rods  which  equsUy  smd  septratel; 
resist  the  drawing  force,  and  therefore  poasegs  a  degree 
of  strength  proportionate  to  their  number. 

It  will  eneily  be  perceived,  tliat  whatever  be  the  sec- 
tion, tiie  some  Tcnaoning  wUl  be  applicable,  and  the 
power  of  roBistanco  will,  in  genernJ,  be  proportional]  to 
ts  raag-nitude  o 
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strength  be  exactly  proportional  to  the  base.  That  is, 
if  two  colomns  of  the  same  material  have  equal  heights, 
and  the  base  of  one  be  double  the  base  of  the  other, 
the  strength  of  one  will  be  greater,  but  it  is  not  certain 
whether  it  will  exactly  double  that  of  the  other.  Ac- 
cording to  the  theory  of  Euler,  which  is  in  a  certain  de- 
gree Terified  by  the  experiments  of  Musschenbrock,  the 
strength  will  be  increased  in  a  greater  proportion  thai^ 
the  base,  so  that  if  the  base  be  doubled,  the  strength  will 
be  more  than  doubled. 

When  the  base  is  the  same,  the  strength  is  dimin- 
ished by  increasing  the  height,  and  this  decrease  of 
strength  is  proportionally  greater  than  the  increase  of 
height.  According  to  Eulei^s  theory,  the  decrease  of 
strength  'is  proportional  to  the  square  of  the  height ; 
that  is,  when  the  height  is  increased  in  a  two-fold  pro^ 
portion,  the  strength  is  diminished  in  a  four-fold  pro- 
portion. 

(333.)  The  strain  to  which  solids  forming  the  parts  of 
structures  of  every  kind  are  most  commonly  exposed 
is  the  lateral  or  transverse  strain,  or  that  which  acts  at 
right  angles  to  their  lengths.  If  any  strain  act  oblique- 
ly to  the  direction  of  their  length  it  may  be  resolved 
into  two  forces  (76.),  one  in  the  direction  of  the  length, 
and  the  other  at  right  angles  to  the  length.  That  part 
which  acts  in  the  direction  of  the  length  will  produce 
either  compression  or  a  direct  pull,  and  its  eflfect  must 
be  investigated  accordingly. 

Although  the  results  of  theory,  as  well  as  those  of 
experimental  investigations,  present  great  discordances 
respecting  the  transverse  strength  of  solids,  yet  there 
are  some  particulars,  in  which  they,  for  the  most  part, 
agree  ;  to  this  it  is  our  object  here  to  confine  our  obseri- 
Fations,  declining  all  details  relating  to  disputed  points 
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JUt  ABCD,^.  18^  be  a  beam,  lupportcd  at  ito 
endii  A  and  B.  Its  itren^  to  support  a  weight  at  £ 
presamg  downwards  at  right  angles  to  its  length  is  erl- 
deiiQy  proportional  to  its  breadth,  the  other  things  being 
the  same.  For  a  beam  of  double  or  treble  breadth,  and 
of  the  same  thickness,  is  equivalent  to  two  or  thi«a 
equal  and  similar  beams  placed  side  by  side.  Since 
each  of  these  would  possess  the  same  strength,  the 
whole  token  together  would  possess  double  or  treble  the 
strength  of  any  one  of  them. 

When  the  breadth  and  length  are  the  same,  the 
slnngth  obviously  increases  with  the  depth,  but  not  m 
the  Mune  proportion.  The  increase  of  strength  it  found 
to  be  much  greater  in  proportion  than  the  irtcreaae  of 
depth.  By  the  theory  of  Galileo,  a  double  or  treble 
thickness  ought  to  increase  the  strength  in  a  foor-fidl 
or  nine-fold  proportion,  and  experimeuts  in  most  cases 
do  not  materially  vary  from  this  rule. 

If  while  the  breadth  and  depth  remain  the  aame,  the 
length  of  the  beam,  or  rather  the  distance  between  the 
xiinta  of  support  vary,  the  streagth  w'i\l  vary  accord- 
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Jo0t  Thus  the  increase  of  length  and  breadth  coun- 
teract each  other's  effects,  and  as  ■  ftr  as  they  are  cour 
cemed,  the  strength  of  the  beam  is  not  changed.  But 
hf  doubling  the  thickness,  the  strength  is  increased  in  a 
fbuir^qld  proportion,  that  is,  as  the  square  of  the  length* 
In  the  same  manner  it  may  be  shown,  that  when  aU  the 
4ijBen8ioiDs  are  trebled,  the  strength  is  increased  in  a. 
I|i«e-£cdd  proportion,  and  so  on. 

(334.)  In  all  structures  the  materials  have  to  support 
tbeir  own  weight,  and  therefore  their  ayallable 
■Oferength  is  to  be  estimated  by  the  excess  of  their 
absolute  strength  above  that  degree  of  strength  which 
Uifmt  sufficient  to  support  their  own  weight  This  con- 
tiidenMon  leads  to  some  conclusions,  of  which  numerous 
lUid  striking  illustrations  are  presented  in  the  works  of 
VAtore  And  art 

We  have  seen  that  the  absolute  strength  with  which 
-9,  lateral  strain  is  resisted  is  in  the  proportion  of  the 
Hfuaire  of  the  linear  dimensions  of  similar  parts  of  a 
fliniclure,  and  therefore  the  amount  of  this  strength 
incBeaaeMi  rapidly  with  every  increase  of  the  dimensions 
jof  .a  body.  But  at  the  same  time  the  weight  of  the 
■body  increases  in  a  still  more  rapid  proportion.  Thus, 
if  the  several  dimensions  be  doubled,  the  strength  will 
be  increased  in  a  four-fold,  but  the  weight  in  an 
eight-fold  proportion.  If  the  dimensions  be  trebled, 
the  strength  will  be  multiplied  nine  times,  but  the 
weight  twenty-seven  times.  Again,  if  the  dimensions 
be  multiplied  four  times,  the  strength  will  be  multi- 
plied sixteen  times,  and  the  weight  sixty-four  times,  and 
so  on. 

Hence  it  is  obvious,  that  although  the  strength  of  a 
body  of  small  dimensions  may  greatly  exceed  its  weight, 
and,  therefore,  it  may  be  able  to  support  a  load  many 
times  its  own  weight;  yet  by  a  great  increase  in  the 
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-dimenaioiiB,  tlie  weight  incretiauig  in  a.  mnch  (rretter 
degree,  the  ftvailfttAs  atrengtli  maj  be  much  dimiiuahed, 
vid  such  a  magintDde  may  ba  uaigned,  that  the  weight 
-of  the  body  must  exceed  its  strength,  and  it  not  only 
would  be  unable  to  support  uty  load,  but  would  kctiullf 
&U  to  piecea  by  its  own  weighL 

The  strength  of  a  structure  of  any  kind  is  not,  Ihein- 
fore,  to  be  determinod  by  that  of  its  model,  which  wiU 
always  be  much  stronger  in  proportion  to  its  sixe 
works,  natural  and  artificial,  have  limits  of  n; 
which,  while  4heir -materials  lemsin  the  same,  they  euh 

DOt  BUIjnSB. 

In  confbimity  with  What  lias  juSt  been  'eipleined,  it 
haa  been  obaerred,  that  small  animala  are  stronger  in 
proportion  than  large  onea ;  that  the  young  plant 
has  more  afaJlable  strength  in  proportioB  than  the 
large  forest  tree  ;  that  children  are  lea*  liable  to  iqjniy 
-from  accident  than  men,  &e.  But  although  to  a  cer- 
tain extent  these  observations  are  just,  yet  it  OQ|ht 
not  to  be  forgotten,  that  the  mechanical  conclusions 
which  they  are  brought  to  illuatrate  are  founded  on  the 
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nch  by  the  screw  A^  it  is  ndsed  through  the  Slit  of  la 
nch  by  the  screw  &  It  is,  therefore,  on  the  whole, 
lepressed  through  a  space  equal  to  the  excess  of  the 
Mik  of  an  inch  above  the  21st  of  an  inch,  that  is, 
lihioagh  the  420th  of  an  inch. 

The  power  of  this  machine  will,  therefore,  be  ex- 
pressed by  the  number  of  times  the  420th  of  an  inch  is 
contained  in  the  circumference  through  which  the  power 
moves. 

(296.)  In  the  practical  application  of  this  principle 
at  present  the  arrangement  is  somewhat  different  The 
two  threads  are  usually  cut  on  different  parts  of  the 
same  cylinder.  If  nuts  be  supposed  to  be  placed  upon 
these,  which  are  capable  of  moving  in  the  direction  of 
ttie  length,  but  not  of  revolving,  it  is  evident  that  by 
*™»i"g  the  screw  once  round,  each  nut  will  be  advanced 
through  a  space  equal  to  the  breadth  of  the  respective 
tfareads.  By  this  means  the  two  nuts  will  either  ap- 
proach each  other,  or  mutually  recede,  according  to  the 
direction  in  which  the  screw  is  turned,  through  a  space 
equal  to  the  difference  of  the  breadth  of  the  threads, 
and  they  will  exert  a  force  either  in  compressing  or 
flflrtftiniing  any  substance  placed  between  them,  propor- 
tionate to  the  smallness  of  that  difference. 

(29d.)  A  toothed  wheel  is  sometimes  used  instead  of 

a  nut,  so  that  the  same  quality  by  which  the  revolution 

of  the  screw  urges  the  nut  forward  is  applied  to  make 

the  wheel  revolve.     The  screw  is  in  this  case  called 

■n  endless  screw,  because  its  action  upon  the  wheel  may 

'.  be  continued  without  limit     This   application  of  the 

*  screw  is  represented  in  Jig.  143.     P  is  the  winch  to 

^  which  the  power  is  applied ;  and  its  effect  at  the  circum- 

'  ibience  of  the  wheel  is  estimated  in  the  same  manner  as 

;.tha  effect  of  the  screw  upon  the  nut    This  effect  is  to 

ba  considered  as  a  poweir  acting  upon  the  cirdunference 
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qfthtB«ianu. 

l^e  boJuce  may  be  described  u  coDsiating  of  tn 
inflexilile  rod  ot  lever,  ctdled  the  beam,  furnished  witb 
three  axea;  one,  t^e  fulcmmor  centre  of  motionsitiuted 
in  tiie  middle,  upon  which  the  bedm  ttiras,  and  the  other 
two  near  the  extremitieB,  ejid  at  equal  diatuices  frcm 
the  middia.  Theae  last  ue  caUed  the  pointa  of  euppoft, 
Vid  aerve  to  auataio  the  peas  lOr  acaleo. 

The  points  of  eupport  and  the  fulcrum  an  in  the  wne 
right  line,  and  the  centre  of  gravit;  of  the  wliide  ahoaU 
be  a  little  below  the  fUlcrum  when  the  position  «f  the 
beam  is  horizoQtal. 

The  ftrma  of  the  lever  liekig  equ^  it  fi^on  Ihitif 
equal  weights  be  pDt  into  the  scalei,  no  e&ct  will  be 
produced  on  the  position  of  the  balance,  and  the  betin 
niU  remain  horizontal. 

If  a.  flmall  addition  be  made  to  the  weight  in  one  of 
the  Bcalea,  the  horizontality  of  the  beam  will  be  di>- 
turbei] ;  and  after  osciilnting  for  aoroB  time,  it  will,  o 
attaJoiBg  a  state  of  rsst,  forin  an  ajigle  with  the  borizoPi 
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Let  the  centre  of  gravity  of  the  whole  be  at  O ;  then 
the  force  acting  against  the  former  will  be  GP  molti- 
plied  into  the  weight  of  the  beam  and  scales,  and  when 
ibeai  fSrces  are  equal,  the  beam  will  rest  in  an  inclined 
pontion.  Hence  we  may  perceive  that  as  the  centre  of 
gimvity  is  nearer  to  or  further  from  the  fulcrum  S,  (every 
thing  else  remaining  the  same,)  the  sensibility  of  the 
Mance  wiU  be  increased  or  diminished. 

Foi^sappose  the  centre  of  gravity  were  removed  tog,. 
1km  to  produce  an  opposing  force  equal  to  that  acting 
^qttn  tiM  Extremity  of  the  beam,  the  distance  gp  from 
the -perpendicular  line  must  be  increased  until  it  be- 
coifies  nearly  equal  to  GP ;  but  for  this  purpose  the- 
end  of  the  beam  B  must  descend,  which  will  increase- 
the  angle  HSB. 

As  all  weights  placed  in  the  scales  are  referred  to- 
the  line  joining  the  points  of  support,  and  as  this  line 
is  above  the  centre  of  gravity  of  the  beam  when  not 
loaded*  such  weights  will  raise  the  centre  of  gravity  ; 
but  it  will  be  seen  [that  the  sensibility  of  the  balance,, 
as  far  as  it  depends  upon  this  cause,  will  remain  unal- 
tered. 

For,  calling  the  distance  S  G  unity,  the  distance  or 
the  centre  of  gravity  from  the  point  S  (to  which  the- 
weiffht  which  has  been  added  is  referred)  will  bo  ez- 
pleased  by  the  reciprocal  of  the  weight  of  the  beam  so 
increased ;  that  is,  if  the  weight  of  the  beam  be  doub-^ 
led  by  weights  placed  in  the  scales,  S  g*  wiQ  be  one  haljf 
of  S  G ;  and  if  the  weight  of  the  beam  be  in  like  man-> 
ner  trebled,  S  g  will  be  one  third  of  8  G,  and  so  mi. 
And  as  G  P  varies  as  S  G,  g  p  will  be  inversely  propor- 
tionate to  the  increased  weight  of  the  beam,  and  con- 
sequently, the  product  obtained  by  multiplying  gp  by 
the  weight  of  the  beam  and  ita  load  wiH  be  a  constant 
quantity,  and  the  sensibility  of  tiie  balance^  as  befi»Q 
stated,  will  suffer  no  alteration^ 
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Ws  will  DOW  suppose  that  the  liilcTuin  B,  Jig.  188^ 
k  aituated  below  the  line  joining  the  pointa  of  a\xpfoit 
•nil  that  the  centre  of  gravity  of  tlie  beam  when  not 
loaded  IB  at  G.  Also  that  when  a,  very  Hmsll  weight  ii 
placed  in  the  scale  Buspeoded  from  the  point  B,  ths 
beam  IM  dr&wB  from  itd  horizontal  position,  the  deviatiiiD 
being  a  measure  of  the  sensibility  of  the  balance.  Then, 
Be  before  stated,  G  P  multiplied  b;  the  weight  of  the 
heam  will  be  equal  to  P'  B  multiplied  by  the  veiy  until 
additional  weight  acting  on  the  point  B. 

Now  if  we  [dace  equal  weights  in  both  Kales,  iwih 
additional  weights  will  be  referred  to  the  point  W,  and 
the  resulting  distance  of  the  centre  of  gravity  boat  the 
pout  W,  calling  W  G  unity,  will  be  expressed  ai  bafbis 
by  the  reciprocnl  of  the  increased  weight  of  the  loaded 
beam.  But  G  P  will  decrease  in  a  greater  pmpoflioo 
thaoWG:  thus,  supposing  the  weight  of  the  beam ta 
be  doubled,  W  g  would  be  one  lialf  of  \V  G  ;  hut  g  p, 
as  will  be  evident  on  nn  inspcctioti  of  tlie  figure,  will  be 
leas  tliHu  half  of  G  P ;  and  the  same  Bmall  weight  wbieh 
was  before  npplied  to  tlio  point  B,  if  now  added,  would 
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!^  Weight  mty,  in  this  case,  be  found  a&foUowB.  Take 
^  ^  equal  to  W  E,  and  draw  E'  P  perpendicular  to  the 
V/^i  and  meeting  the  direction  of  the  power.  The 
S^^ortioH  of  the  power  to  the  weight  will  be  that  of 
y^^toWD.  And  the  proportion  of  the  presanre  to 
r^  Weight  will  be  that  of  the  difference  between  W  F 
^  W  F  to  W  D.    If  the  amount  of  the  power  have 

^  jmyportion  to  the  weight  than  W  P  has  to  W  D,  it 
^  Aot  support  the  body  on  the  plane,  but  will  allow  it 
'Ascend.  And  if  it  had  a  greater  proportion,  it  will 
^^  Uie  weight  up  the  plane  towards  A. 
I^^d.)  It  sometimes  happens  that  a  weight  upon  one 
i^K^^  d  plane  is  raised  or  supported  by  another  weight 
^  smother  inclined  plane.  Thus,  if  A  B  and  A  B', 
.,  be  two  inclined  planes  forming  an  angle  at  A, 
W  be  two  weights  placed  upon  these  planet, 
^"CSKnnected  by  a  cord  passing  over  a  pulley  at  A,  the 
'^^"eight  will  either  sustain  the  other,  or  one  will 
^^^d,  drawing  the  other  up.  To  determine  the  cir* 
^'^^^nces  under  which  these  effects  will  ensue,  draw 
^^^K^es  W  D  and  W  D'  in  the  vertical  direction,  and 
Vipon  them  as  many  inches  as  there  are  ounces  in 
^^^"eights  respectively.  W  D  and  W  IV  being  the 
^^^  thus  taken,  and  therefore  representing  the 
•^hts,  the  lines  W  E  and  WE'  will  represent  the 
^^•ts  of  these  weights  respectively  down  the  jdanes, 

^V  E  and  W  E'  be  equal,  the  weight  will  sustain 
^K  other  without  motion.  But  if  W  E  be  greater  than 
^'  E',  the  weight  W  will  descend,  drawing  the  weight 
"^'  up.  And  if  W  E'  be  greater  than  W  E,  the  weight 
^'  will  descend,  drawing  the  weight  W  up.  In  every 
%»  the  lines  W  F  and  W  F'  will  represent  the  pres- 
lires  upon  the  planes  respectively. 
It  is  not  necessary,  for  the  effect  just  described,  that 
inclined  planes  should,  as  represented  in  the  figure, 
o3 
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si^portdng  the  scalea,  the  fulcrum  being  above  thia  line, 
and  it  is  therefore  necoasary,  in  every  other  case,  when 
speaking  of  the  sensibility  of  the  balance,  to  designite 
the  weight  with  which  it  is  loaded ;  thus  if  a.  balfince 
has  a  troy  pound  in  each  scale,  and  the  horizontalitj  rf 
the  beam  varies  a  certain  small  quantity,  just  perceptible 
on  the  addition  of  one  hundredth  of  a  grain,  we  say 
that  the  balance  ia  sensible  to  rTsiuiI  P"*  *'  ''*  '*'*^ 
with  a  pound  in  each  scale,  or  tiiat  it  will  detenmne 
the  weight  of  a  troy  pound  within  j^^Jj-j^  part  of  dw 

The  nearer  the  centre  of  gravity  of  a  balance  is  to  its 
fulcrum,  the  slower  will  be  the  oscillatJons  of  the  beam. 
The  number  of  oscillations,  therefore,  made  by  the  beam 
in  a  given  time  (a  minute  for  example],  affords  the  most 
accurate  method  of  judging  of  the  sensibility  of  the 
balance,  which  will  be  the  greater  as  the  oscilUtionB 
are  fewer. 

Balances  of  the  most  perfect  Idiid  (and  of  such  only 
it  is  our  present  object  to  treat)  arc  usually  furnished 
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drawer  below  the  case ;  and  when  in  nfle,  it  is  protected 
from  any  disturbance  from  currents  of  air,  by  being 
enclosed  in  the  case  above  the  drawer,  the  back  and 
firont  of  which  are  of  plate  glass.  There  are  doors  in  the 
jjllliiii,  through  which  the  scale-pans  are  loaded,  and 
tffere  is  a  door  at  the  top  through  which  the  beam  may 
be  taken  out 

A  strong  brass  pillar,  in  the  center  of  the  box,  sup- 
ports a  square  piece,  on  the  front  and  back  of  which 
lise  two  arches,  nearly  semicircular,  on  which  are  fixed 
two  horizontal  planes  of  agate,  intended  to  support  the 
fblcrum.  Within  the  pillar  is  a  cylindrical  tube,  which 
slides  up  and  down  by  means  of  a  handle  on  the  out- 
side of  the  case.  To  the  top  of  this  interior  tube  is 
fixed  an  arch,  the  terminations  of  which  pass  beneath 
and  outside  of  the  two  arches  before  described.  These 
terminations  are  formed  into  Y  «,  destined  to  receive 
the  ends  of  the  fulcrum,  which  are  made  cylindrical  for 
this  purpose,  when  the  interior  tube  is  elevated  in  order 
to  relieve  the  axis  when  the  balance  is  not  in  use.  On 
depressing  the  interior  tube,  the  Y  s  quit  the  axis,  and 
leave  it  in  its  proper  position  on  the  agate  planes.  The 
beam  is  about  eighteen  inches  long,  and  is  formed  of 
two  hollow  cones  of  brass,  joined  at  their  bases.  The 
thickness  of  the  brass  does  not  exceed  0.02  of  an  inch, 
but  by  means  of  circular  rings  driven  into  the  cones  at 
intervals  they  are  rendered  almost  inflexible.  Across 
the  middle  of  the  beam  passes  a  cylinder  of  steel,  the 
lower  side  of  which  is  formed  into  an  edge,  having  an 
angle  of  about  thirty  degrees,  which,  being  hardened 
and  well  polished,  constitutes  the  fulcrum,  and  rests 
upon  the  agate  planes  for  the  length  of  about  0.05  of  an 
inch. 

liSach  point  of  suspension  is  formed  of  an  axis  having 
two  sharp  concave  edges,  upon  which  rest  at  right  an^ 
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gles  tiro  other  aliup  concaye  edges  fonned  in  tha  apor- 
8h^»ed  piece  to  wbick  the  etringi  canyuig  the  acale- 
pau  are  attached.  The  two  pdnta  are  adjiutable,  the 
one  horizontally,  for  the  purpoae  of  eqailizing  the  him 
of  the  beani,  and  the  other  vertically,  for  bringiiif 
the  points  of  Buapenaion  and  the  fulcrum  iat»  a  riiU 

Such  is  the  form  of  Troughton's  balance;  we  ahall 
now  give  the  description  of  a  balance  as  conatractetl 
bj  Mr.  Robinson  of  Devonshire  Street,  Portland 
Place:  — 

The  beam  of  this  balance  is  only  ten  inches  long.  It 
ia  a  &Bme  of  bell-metal  in  the  form  of  a  rbooibiu. 
The  fulcrum  is  an  equilateral  triangular  prism  of  stael 
ene  ioch  in  length;  but  the  edge  on  which  the  beam 
Tibrates  is  formed  to  an  angle  of  190°,  in  order  to  pn- 
Teut  any  injury  from  the  weight  with  which  it  may  be 
loaded.  The  chief  pecoliarity  in  this  balance  conaiitB 
in  the  knife-edge  which  forms  the  fnlcnim  bearing  upcm 
an  agate  plane  throughout  its  whole  length,  wbereai  we 
L   the    balance   before    deacribed  that  the 
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rhe  theozeticftl  estimation  of  the  power  of  this  machine 

8  not  applicahle  in  practice  with  any  degree  of  accurir 
;y.  This  is  in  part  owing  to  the  enormous  proportion 
rhich  the  friction  in  most  cases  bears  to  the  theoret- 
cal  value  of  the  power,  but  still  more  to  the  nature  of 
he  power  generally  used.  The  force  of  a  blow  is  of  a 
lature  so  wholly  different  from  continued  forces,  such  as 
be  pressure  of  weights,  or  the  resistance  offered  by  the 
ohesion  of  bodies,  that  they  admit  of  no  numeiical 
ompenson.  Hence  we  cannot  properly  state  the  pro- 
ortion  which  the  force  of  a  blow  bears  to  the  amount  of 

weii^ht  or  resistance.    The  wedge  is  almost  invariably 
rged  by  percussion ;  while  the  resistances  which  it  has 

9  overcome  are  as  constantly  forces  of  the  other  kind, 
ijthough,  however,  no  exact  numerical  comparison 
«ii  be,  made,  yet  it  may  be  stated  in  a  general  way  that 
be  wedge  is  more  and  more  powerful  as  its  angle  is 
nore  acute. 

In  the  arts  and  manufactures,  wedges  are  used  where 
iftonnous  force  is  to  be  exerted  through  a  very  small 
ipace.  Thus  it  is  resorted  to  for  splitting  masses  of 
jmber  or  stone.  Ships  are  raised  in  docks  by  wedges 
iriven  under  their  keels.  The  wedge  is  the  principal 
ifent  in  the  oil-mill.  The  seeds  from  which  the  oil  is  to 
be  extracted  are  introduced  into  hair  bags,  and  placed 
lietween  planes  of  hard  wood.  Wedges  inserted  be- 
iween  the  bags  are  driven  by  allowing  heavy  beams  to 
m  on  them.  The  pressure  thus  excited  is  so  intense, 
hat  the  seeds  in  the  bags  are  formed  into  a  mass  nearly 
M  solid  as  wood. 

Instances  have  occurred  in  which  the  wedge  has  been 
jyed  to  restore  a  tottering  edifice  to  its  perpendicular 
osition.  All  cutting  and  piercing  instruments,  such  as 
pives,  razors,  scissors,  chisels,  &.C.,  nails,  pins,  needles; 
^Is,  ^c.  are  wedges.     The  angle  of  the  wedge,  in 

o4 
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ftfteFwarde  tha  two  e.gaXe  plnnes  cajrying  the  scalB-paiiB 
are  deposited  npon  their  supporting  knife-edges. 

A  balance  of  this  conatruction  w«s  employed  by  die 
writer  of  tbia  article  in  adjusting  the  natioiial  Btandud 
pound.  With  a  pound  troy  in  each  scale,  the  addition  of 
one  hundredth  of  a  grain  caused  the  index  to  vary  one 
division,  equal  to  one  tenth  of  an  inch,  and  Mr.  Robinson 
adjusts  these  balances  so  that  with  one  thousand  gnliu 
in  each  scale,  the  index  varies  perceptibly  on  the  addition 
of  one  thouBBndtli  of  a  grain,  or  of  one-millionth  part  of 
the  weight  to  be  determined. 

It  may  not  be  unintcreBting  to  subjoin,  from  the  Phi- 
losophical Transactions  for  1836,  the  description  of  a 
balance  perhaps  the  most  sensible  that  lias  yet  bsen 
made,  constructed  for  verifying  the  national  standard 
bnsheL    The  author  says, — 

"The  weight  of  the  bushel  measure,  together  with 
the  B01bs.ofwater  it  should  contun,  was  about  350  Ih*.; 
and  at  I  conld  find  no  bait&ncQ  cs^whle  ^f  detemunic; 
0  largo  a  weight  with  suiEcient  accuracy,  I  waa  under 
(sity  of  coUEtructing  one   for  tliis  express  pur- 
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the  middle  to  the  extremities.  An  opening  was  cut  iii 
the  centre,  and  strong  blocks  screwed  to  each  side  of  the 
plank,  to  form  a  bearing  for  the  back  of  a  knife-edge 
which  passed  through  the  centre.  Blocks  were  also 
screwed  to  each  side  at  the  extremities  of  the  beam  on 
which  rested  the  backs  of  the  knife-edges  for  supporting 
the  pans.  The  opening  in  the  centre  was  made  suffi- 
ciently large  to  admit  the  support  hereafter  to  be  de- 
scribed, upon  which  the  knife-edge  rested. 

"  In  all  beams  which  I  have  seen,  with  the  exception 
of  those  made  by  Mr.  Robinson,  the  whole  weight  is 
sustained  by  short  portions  at  the  extremities  of  the 
knife-edge ;  and  the  weight  being  thus  thrown  upon  a 
few  points,  the  knife-edge  becomes  more  liable  to  change 
its  figure  and  to  suffer  injury. 

**  To  remedy  this  defect,  the  central  knife-edge  of  the 
beam  I  am  describing  was  made  6  inches,  and  the  two 
others  5  inches  long.  They  were  triangular  prisms  with 
equal  sides  of  three  fourths  of  an  inch,  very  carefully 
finished,  and  the  edges  ultimately  formed  to  an  angle  of 

**  Each  knife-edge  was  screwed  to  a  thick  plate  of 
brass,  the  surfaces  in  contact  having  been  previously 
ground  together ;  and  these  plates  were  screwed  to  the 
beam,  the  knife-hedges  being  placed  in  the  same  plane, 
and  as  nearly  equidistant  and  parallel  to  each  other  as 
eoold  be  done  by  construction. 

"The  support  upon  which  the  central  knife-edge 
rested  throughout  its  whole  length  was  formed  of  a  plate 
of  polished  hard  steel,  screwed  to  a  block  of  cast  iron. 
This  block  was  passed  through  the  opening  before  men- 
tioned in  the  centre  of  the  beam,  and  properly  attached 
to  a  frame  of  cast  iron. 

•*  The  stirrups  to  which  the  scales  were  hooked  rested 
vpim  plates  of  polished  steel  to  which  they  were  'at- 

t 
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tance  between  tbc  intended  thread,  while  the  c;linder 
revolvpi*  once.  The  relative  motions  of  the  cuttiif 
{Kunt  Slid  tlic  cylinJi'r  being  preserved  with  perfect  uni- 

fonnity,  thr  threail  will  be  cut  from  one  ead  to  the  other. 
The  ahape  of  the  threads  may  be  either  equare,  is  ia 
_fig.  137.,  or  triangulnr,  as  io  Jig.  139. 

(295.)  The  screw  is  generally  used  in  cases  where 
severe  pressure  is  to  be  excited  through  small  spaces ;  i 
is  therefore  the  agent  in  most  pretises.  In /g.  140,  til 
out  is  fixed,  and  by  turniDgT:tbe  lever,  which  paasa 
through  the  (lead  of  the  screw,  a  pressure  is  encittJ 
upon  any  subatajice  placed  upon  the  plate  immediate!; 
under  the  end  of  the  screw.  In^.  141.,  the  sorewii 
incapable  of  revolving',  b  ut  is  capable  of  advancing  ia  tiie 
direction  of  its  length.  On  the  otlier  liiwd,  the  mil " 
capable  of  revolving,  but  dops  not  advance  in  the  diiH>- 
tion  of  the  screw.  When  the  nut  is  turned  by  a^M 
of  the  screw  inserted  in  it,  the  Bcrew  advances  in  tie 
direction  of  its  length,  and  urges  the  board  whioli  it 
attached  to  it  upwards,  so  ax  to  press  any  eubstuu 
placed  between  it  and  the  fixed  boad  above. 
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then  in  tiid  contraiy  direction  through  donUe  this  d^ 
ttnce,  and  then  produce  the  former  slow  motion  hy 
raeam  of  the  screw  acting  vertically  on  the  point  of  sup- 
port Repeat  this  operation  until  the  adjustment  is 
perfect. 

%  To  make  the  arms  of  the  heam  of  an  equal 
length. 

^Put  Weights  in  the  scales  as  hefore ;  bring  the  beam 
a0  neaily  lis  possible  to  a  horizontal  position,  and  note 
the  division  at  which  the  index  stands;,  unhook  the 
flcelefl,  1^  transfer  them  with  their  weights  to  iche  other 
end6  of  the  beam,  when,  if  the  index  points  to  the  s^tme 
dIvisiOli,  the  anns  ar6  of  an  equal  length ;  but  if  not, 
bring  the  index  to  the  division  which  had  been  noted, 
by^ytbeing  moall  weights  in  one  or  the  other  scale. 
Taltb  liwviy  half  these  weights,  and  bring  the  index 
agidn  to  the  obtser^ed  division  by  the  adjusting  screw, 
nldeh  acts  horizontally  on  the  point  of  support.  If  the 
seide^pans  are  known  to  be  of  the  same  weight,  it  will 
net  be  necessaiy  to  change  the  scales,  but  merely  to 
tftnllfet  the  weights  from  one  scale-pan  to  the  other. 

Of  the  Use  qf  the  Balance. 

Though  we  have  described  the  method  of  adjusting 
the  balance,  these  adjustments,  as  we  h&ve  before 
remarked,  may  be  dispensed  with.  Indeed,  in  all  deli- 
cate scientific  operations,  it  is  advisable  never  to  rely 
upon  adjustments,  which,  afler  every  care  has  been  em- 
ployed in  effecting  them,  can  only  be  considered  as 
a{^yroximation9  to  the  truth.  We  shall,  therefore,  now 
describe  the  best  method  of  ascertaining  the  weight  of  a 
body,  and  which  does  not  depend  on  the  accuracy  of 
theee  adjustments. 

Having  levelled  the  case  which  contains  the  balance, 
aid  thrown  the  beam  out  of  action,  place  It  weight  in 
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eqiul  to  the  magnitude  of  either  of  tlie  threads,  it  moTH 
thivu^h  ■  Bpaco  equal  to  their  ditTerence.  The  mechu- 
icat  pover  of  Buch  a  machine  will  be  the  same  as  that  of 
a  Bing-le  screw  having  a  thread,  wfaoae  mag^nitude  is 
ea^uol  to  the  difference  of  the  mag-nitudea  of  the  t* 
threads  just  mentioned. 

Thus,  without  inconveniently  inoreaaing  the  Bweep  of 
the  pooer,  on  the  one  hand,  or,  on  the  other,  diiniiUBh' 
tug  the  thread  until  the  necessaiy  strength  is  lost,  tht 
tnaehjne  will  acquire  an  efficacy  liioited  by  nothinj 
but  the  smallneas  of  the  difference  betweeD  the  t 
threads 

This  principle  waa  first  applied  in  the  laanner  repre- 
•entcd  in  Jig.  142.  A  is  the  greater  tliread,  playing  in 
the  fixed  nut ;  B  is  the  lesser  thread,  cnt  upon  a.  Bmallet 
cylinder,  and  playing  in  a  concave  screw,  cut  within  the 
greater  cylinder.  During  every  revolution  of  the  sciw, 
the  cylinder  A  descends  through  a  apace  equal  t 
distance  between  ita  threads.  At  the  same  timi 
smaller  cylinder  B  ascends  tlirough  a  apace  equal  to  (hi 
distance  between  the  threads  cut  upon  it :  the  efffecl  i^ 
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nch  by  the  screw  A^  it  is  raised  through  the  31st  of  ui 
nch  by  the  screw  R  It  is,  therefore,  on  the  whole, 
lepressed  through  a  space  equal  to  the  excess  of  the 
lOth  of  an  inch  above  the  2l8t  of  an  inch,  that  is, 
through  the  420th  of  an  inch. 

The  power  of  this  machine  will,  theref(»e,  be  ex- 
pressed by  the  number  of  times  the  490th  of  an  inch  is 
contained  in  the  circumference  through  which  the  power 
moves. 

(996.)  In  the  practical  apjdication  of  this  principle 
at  present  the  arrangement  is  somewhat  diffinrent.  The 
two  threads  are  usually  cut  on  difierent  parts  of  the 
same  cylinder.  If  nuts  be  supposed  to  be  placed  upon 
these,  which  are  capable  of  moving  in  the  direction  of 
the  length,  but  not  of  revolving,  it  is  evident  that  by 
turning  the  screw  once  round,  each  nut  will  be  advanced 
through  a  space  equal  to  the  breadth  of  the  respective 
tlueadsb  By  this  means  the  two  nuts  will  either  ap- 
proach each  other,  or  mutually  recede,  according  to  the 
direction  in  which  the  screw  is  turned,  through  a  space 
equal  to  the  difference  of  the  breadth  of  the  threads, 
and  they  will  exert  a  force  either  in  compressing  or 
extending  any  substance  placed  between  them,  propor- 
tionate  to  the  smallness  of  that  difference. 

(999.)  A  toothed  wheel  is  sometimes  used  instead  of 
a  nut,  so  that  the  same  quality  by  which  the  revolution 
of  the  screw  urges  the  nut  forward  is  applied  to  make 
the  wheel  revolve.  The  screw  is  in  this  case  called 
an  endless  screw,  because  its  action  upon  the  wheel  may 
be  continued  without  limit.  This  application  of  the 
screw  is  represented  in  Jig,  143.  P  is  the  winch  to 
which  the  power  is  applied ;  and  its  effect  at  the  circum- 
ference of  the  wheel  is  estimated  in  the  same  manner  as 
the  effect  of  the  screw  upon  the  nut  This  effbct  is  to 
ha  considered  as  a  powet  acting  upon  the  circumference 
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of  die  wheel ;  and  ibi  proportion  to  Om  wei^it  oi  n- 
eiUaocc  is  to  be  cnlciiliLteil  iii  the  same  maimet  la 
the  proportion  of  the  power  to  Ihe  weight  in  the  Triied 

(300.)  We  have  Eiitherto  considered  the  ecrew  U 
an  engine  used  to  overcoine  [freiit  resi^tancea.  It  is 
also  eimn^ntly  uneful  in  seveml  departments  of  expen  ^ 
mental  «ien<;e,  for  thn  measurement  of  very  tninoB 
motions  and  spaces,  the  magnitude  uf  which  cobH 
scarcely  be  ascertained  by  any  other  means.  The  tgij  ' 
slow  motion  which  may  be  imparted  to  the  etid  of  1  ] 
screw,  by  a  vrry  conBidersble  motion  in  the  power,  nth 
ders  it  peculiarly  well  adapted  for  this  purpose.  To  n-  i 
plain  themannerin  which  it  is  applied  —  suppose  BBCren 
to  be  so  cut  a?  to  have  fifty  threads  in  an  inch,  each  tet- 
olntion  of  the  screw  will  advance  its  point  throH^tte 
fiftietli  part  of  an  inch.  Now,  siippoae  the  head  of  to 
acrew  to  be  a  circle,  whose  diameter  ia  an  inch,  the  d^ 
cumforoiice  of  tlie  head  will  he  something'  more  thn 
three  inches :  this  may  be  easily  divided  into  a  huodH 
equal  parts  distinctly  visible.     If  n  fixed   index  be  pt- 
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cal  and  other  observation.  Without  the  aid  of  this 
apparatus,  no  observation  could  be  taken  with  greater 
accuracy  than  the  amount  of  the  smallest  division  upon 
the  limb.  Thus,  if  an  instrument  for  measuring  angles 
were  divided  into  small  arches  of  one  minute,  and  an 
angle  were  observed  which  brought  the  index  of  the 
instrument  to  some  point  between  two  divisions,  we 
coold  onlj  conclude  that  the  observed  angle  must  consist 
of  a  certain  number  of  degrees  and  minutes,  together 
with  an  additional  number  of  seconds,  which  would  be 
unknown,  inasmuch  as  there  would  be  no  means  of  as- 
certaining the  fraction  of  a  minute  between  the  index 
and  the  adjacent  division  of  the  instument.  But  if  a 
screw  be  provided,  the  point  of  which  moves  through  a 
apace  equal  to  one  division  of  the  instrument,  with  sixty 
revolutions  of  the  head,  and  that  the  head  itself  be  di- 
vided into  one  hundred  equal  parts,  each  complete  revo- 
lution of  the  screw  will  correspond  to  the  sixtieth  part 
of  a  minute,  or  to  one  second,  and  each  division  on  the 
head  of  the  screw  will  correspond  to  the  hundredth  part 
of  a  second.  The  index  being  attached  to  this  screw, 
let  the  head  be  turned  until  the  index  be  moved  from  its 
obaerved  position  to  the  adjacent  division  of  the  limb. 
The  number  of  complete  revolutions  of  the  screw  ne- 
cessary to  accomplish  this  will  be  the  number  of  sec- 
onds ;  and  the  number  of  parts  of  a  revolution  over  the 
complete  number  of  revolutions  will  be  the  hundredth 
parts  of  a  second  necessary  to  be  added  to  the  degrees 
and  minutes  primarily  observed. 

It  is  not,  however,  only  to  angular  instruments  that 
the  micrometer  screw  is  applicable  ;  any  spaces  whatev- 
'  er  may  be  measured  by  it.    An  instance  of  its  mechani- 
cal application  may  be  mentioned  in  a  steel-yard,  an  in- 
'  itniment  for  ascertaining  the  amount  of  weights  by  a 
'  pven  weight,  sliding  on  a  long  graduated  arm  of  a  lover* 


of  lire  wlwet ;  xaA  its  proportion  10  the  weight  0 
RMuice  ia  to  be  calrulateil  in  the  same  majini 
Ihe  proportion  of  the  power  to  the  weight  in  the  > 

(■300.)  We  have  hitherto  consiilered  the  ecHrr  U 
an  engine  niipd  io  overcome  preat  resiBtanceB. 
also  encneiitly  UBsfu)  in  several  departments  of  expeii- 
nMntal  seienne,  for  the  meaanrement  of  very  i 
motions  and  spaces,  tiie  mugnitude  of  which  conli 
Bcarcely  be  ascertained  by  any  other  meain?.  The  wrj 
slow  motion  which  maj  be  imparted  to  the  end  of  I 
■crew,  Ijy  a  \  cry  cnoHiderable  motion  in  the  power,  re 
ders  it  peculiarly  well  adapted  for  this  purpose.  To  e 
plnin  the  nmnnor  in  which  it  is  applied  -^  suppose  a  screw 
to  he  so  cut  aa  to  huve  fifty  threode  In  an  inch,  each  let- 
ohition  of  the  screw  will  advance  ita  point  through  fh 
fitliotii  part  of  an  inch.  Now,  suppose  the  heail  of  tfac 
screw  to  be  a  circle,  whose  diameter  is  an  inch,  the  cir- 
cumference of  tlic  head  will  be  something  more  t 
three  inches :  ihis  may  be  easily  divided  into  a.  hundwl 
equal  parts  distinctly  visible.  If  a  fixed  index  be  pre- 
aented  to  this  gratJoated  circumference,  the   hundr 
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tBinedy  in  order  that  it  may  be  deducted  from  the  weight, 
afterwards  determined,  of  the  scale-pan  and  the  sub- 
stance it  may  contain. 

If  the  scale-pan  be  placed  at  the  tenth  division  of  the 
beam,  it  is  evident  that  by  means  of  the  two  grain 
weights,  a  greater  weight  cannot  be  determined  than 
one  grain  and  nine  tenths ;  but  if  the  scale-pan  be 
placed  at  any  other  division  of  the  beam,  the  resulting 
altpwent  weight  must  be  increased  by  multiplying  it  by 
ten,  and  dividing  by  the  number  of  the  division  at  which 
the  Bcale-pan  is  placed ;  and  in  this  manner  it  is  evident 
that  if  the  8cal«-pan  be  placed  at  the  division  numbered 
ly  a  weight  amounting  to  nineteen  grains  may  be  deter- 
mined* 

We  have  been  tempted  to  describe  this  little  appara- 
tus, because  it  is  extremely  simple  in  its  construction, 
may  be  easily  made,  and  may  be  very  usefully  employed 
on  maiiy  occasions  where  extreme  accuracy  is  not  ne- 
cessary. 

Description  of  the  Steelyard, 

The  steelyard  is  a  lever,  having  unequal  arms ;  and 
in  its  most  simple  form  it  is  so  arranged,  that  one  weight 
alone  serves  to  determine  a  great  variety  of  others,  by 
sliding  it  along  the  longer  arm  of  the  lever,  and  thus 
varying  its  distance  from  the  fulcrum. 

It  has  been  demonstrated,  Chapter  XIU.,  that  in  the 
lever  the  proportion  of  the  power  to  the  weight  will  be 
always  the  same  as  that  of  their  distances  from  the  ful- 
cnun,  taken  in  a  reverse  order ;  consequently,  when  a 
constant  weight  is  used,  and  an  equilibrium  established 
by  sliding  this  weight  on  the  longer  arm  of  the  lever, 
the  relative  weight  of  the  substance  weighed,  to  the 
eoostant  weight,  will  be  in  the  same  proportion  as  the 

<4 
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diatinee  of  the  conaUnt  weight  from  the  Ailcium  ii  to 

the  length  of  Ihs  ahortsr  arm. 

Thua  suppose  the  length  of  the  ehorter  inn,  (n  Iha 
diatuice  of  the  fulcrum  from  the  point  irom  which  the 
weight  to  be  determined  is  suspended,  to  be  one  iiMh; 
let  the  longer  arm  of  the  lever  be  divided  into  put*  of 
oue  inch  each,  beginning  at  the  fulcrum.  Now  let  the 
coDBtant  weight  be  equal  to  one  pound,  and  let  the 
steelfoid  be  ho  constructed  that  the  ahortar  ann  thall 
be  sufficiently  heavy  to  cotinterpoise  the  longer  when 
the  bar  is  unloaded.  Then  suppose  a  aubotamce,  the 
weight  of  which  is  five  pounds,  to  be  mspeuded  fiom 
the  shorter  arm.  It  will  be  found  that  when  the  con- 
stant weight  is  placed  at  the  distance  of  five  inches  &oin 
the  fulcrum,  the  weights  will  be  in  equilibrium,  and 
the  bar  consequently  horizontal.  In  this  etetijui, 
therefore,  the  distance  of  each  inch  (rom  the  fulcruu 
indicates  a  weight  of  one  pound.  An  instrument  of  thii 
form  was  used  by  the  Romans,  sjid  it  is  ususJly  de- 
scribed as  the  Roman  stateraor  steelyaid.  A  repreun- 
tation  of  it  is  given  at  fg.  193. 
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■eribedy  if  there  be  a  second  point  of  suspension  at 
tbe  distuice  of  half  an  inch  from  the  fuJcrum^  each 
division  of  the  longer  arm  will  indicate  two  pounds 
instead  of  one,  and  these  divisions  are  usually  marked 
upon  the  opposite  edge  of  the  steelyard,  which  is  made 
to  torn  over. 

This  instrument  is  very  convenient,  because  it  requires 
b«t  one  weight ;  and  the  pressure  on  the  fulcrum  is  less 
tinn  in  the  balance^  when  the  substance  to  be  weighed 
k  heavier  than  the  constant  weight  But,  on  the  con- 
timiy,  when  the  constant^  weight  exceeds  the  substance 
to  be  weighedyilie  pressure  on  the  fulcrum  is  greater  in 
the  steelyard  tiian  in  the  balance,  and  the  balance  is, 
tberefbre,  preferaUe  in  determining  small  weights. 
There  is  also  an  advantage  in  the  balance,  because  the 
sabdmsion  of  weights  can  be  effected  with  a  greater 
degree  of  precision  than  the  subdivision  of  the  arm  of 
the  steelyard. 

C.  PauPa  Sttdyard, 

A  steelyard  has  been  constructed  by  Mr.  C.  Paul, 
inspector  of  weights  and  measures  at  Greneva,  which  is 
much  to  be  preferred  to  that  in  common  use.  Mr.  C. 
Paul  states,  that  steelyards  have  two  advantages  over 
balances :  1.  That  their  axis  of  suspension  is  not  loaded 
with  any  other<»  weight  than  that  of  the  merchandise, 
the  constant  weight  of  the  apparatus  itself  excepted ; 
#hfle  the  axis  of  the  balance,  besides  the  weight  of  the 
instrument,  sustains  a  weight  double  to  that  of  the 
merchandise.  2.  The  use  of  the  balance  requires  a 
considerable  assortment  of  weights,  which  causes  a 
proportional  increase  in  tlie  price  of  the  apparatus,  in- 
dependently of  the  chances  of  error  which  it  multiplies 
and  of  the  time  employed  in  producing  an  equilibrium. 

1.  In  C.  FaulVi  steelyaid  the  centres  of  tiie  move- 
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ahift  D  D'.  From  this  deecriptinn  it  will  be  appaient 
that  when  the  bulla  B  aj'c  drawn  from  the  axis,  their 
upper  arms  E  F  are  canard  to  increase  their  dive^ence 
in  the  lUunG  manner  as  the  blades  of  a  scieaora  ve 
opened  by  sepamting  the  handles.  These,  octiitg  npoii 
the  ring  by  means  of  the  short  links  F  H,  draw  it  down 
the  vertical  axis  from  D  towards  E.  A  contrary  eS^t 
is  produced  when  the  balls  B  arc  hruught  closer  to  the 
axis,  and  the  divergence  of  the  rods  B  E  dirainiehei 
A  horizontal  wheel  W  is  attached  to  the  vertical  axii 
D  D",  having  a  groove  to  receive  a  rope  or  strap  upon  b 
rim.  This  etiap  paaaea  round  the  wheel  or  azix  bj 
which  motion  is  transmitted  to  the  machinery  to  be 
regulated,  so  that  the  spindle  or  shaA  D  D'  wiU  alwayt 
be  made  to  revolve  with  a  speed  proportionate  to  tbM  of 
the  machinery. 

As  the  shaft  D  D'  fevolves,  the  balls  B  are  carried  toan^ 
it  with  a  circular  motion,  and  conaequcntlj  acigairfl  ■ 
ccntrifiigal  force,  which  causes  them  to  recede  from  tin 
axle,  and  therefore  to  depress  tlie  ring  H-  Oi  tba 
edge  or  rim  of  this  ring  is  formed  a  groove,  wiiioh  ii ' 
embraced  by  the  prongs  of  a  fork  I,  a 


tt  oimee,  the  weight  of  500  ponnds  of  flMrdiattlbe. 
It  will  be  flufficieotto  add  what  is  indicated  by  the  imall 
weight  in  ounces,  to  that  of  the  large  one  in  ponndsi 
after  an  e^ulibriom  has  been  obtained  by  the  position  of 
the  two  weights,  viz.  the  large  one  placed  at  the  next 
peud  below  its  zeal  weight,  and  the  small  one  at  the 
division  which  determines  the  number  of  oiincee  to  b« 
adied. 

5L  As  the  beam  is  graduated  only  on  one  edge,  it 
laay  have  the  form  of  a  thin  bar,  which  venders  it  maeh 
less  flosceptible  of  being  bent  by  the  action  of  t&e 
weight,  and  afods  room  for  making  the  figurei  more 
visfi>le  on  both  the  faces. 

d*  In  these  stee^arde  the  disposition  of  the  axes  ii 
not  only  such  that  the  beam  represents  a  mathematioal 
lever  iKthout  weight,  but  in  the  principle  of  its  division, 
the  interval  between  every  two  divisions  is  a  determined 
sndaliqnot  part  of  the  distance  between  the  two  fixed 
points  of  suspension ;  and  each  of  the  two  weights  ein- 
ployed  has  for  its  absolute  weight  the  unity  of  tiio 
weight  it  represents,  multiplied  by  the  number  of  the 
fififlions  contained  in  the  interval  between  the  two  cen- 
tres of  motion. 

Thna,  supposing  the  arms  of  the  steelyard  divided  in 
such  a  manner  that  ten  divisions  are  exactly  contained 
in  the  distance  between  the  two  constant  centres  of  mo^ 
tiob,  a  weight  to  express  the  pounds  on  each  division 
of  the  beim  must  really  weigh  ten  pounds ;  that  to  pi^int 
0ol  the  ounces  on  the  same  divisions  most  weigh  ten 
edilflea,  4kc  So  tliat  the  same  steelyard  may  be  adapft- 
ed^  Iky  aiiy  system  of  measures  whatever,  and  in  particn- 
kr  t»  the  decimal  system,  by  varying  the  abeolnte 
heaviness  of  the  weights,  and  their  relation  with  eaeh 
dther. 
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But  to  trace  out  in  b  iew  words,  the  advantages  of 
the  BteelyardB  constructed  by  C.  Paul  for  commercial 
purpoaea,  we  ehall  only  observe, — 

I.  That  the  buyer  and  seller  are  certain  of  the  cmr 
neBs  of  the  instrument,  if  the  beam  remains  borizotUal 
when  it  is  unloaded  and  in  its  usual  position.  2.  That 
these  steelyards  have  one  euBpension  less  than  the  old 
ones,  and  ore  so  much  more  simple.  3.  Thnt  by  there 
means  we  obtain,  with  the  greatest  facility,  by  employ- 
ing' two  weights,  the  exact  weight  of  merchandise,  wilh 
all  the  approjumation  that  can  be  desired,  and  esen  willi 
B  greater  precision  than  tliat  given  by  common  balances. 
There  are  few  of  tlioso  which,  when  loailed  with  500 
pounds  at  each  end,  give  decided  indication  of  an  oi 
variation;  and  the  steelyards  of  C.  Paul  possess 
advantage,  and  cost  one  half  lees  than  balances  of  equd 
dominion.  4.  In  the  last  place,  we  may  verify  at  plei- 
sure  the  justness  of  the  weights,  by  the  transpoailioa 
which  tlieir  ratio  to  each  other  will  permit ;  for  example, 
by  observing  whether,  when  the  weight  of  one  pound 
is  brought  back  one   division,  and  tiie   weight  of  one 
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naeted  with  a  lever  acting  upon  some  part  of  the  mfei^ 
chmery,  which  controls  the  power  or  re^ulatefl  the 
amoimt  of  reaistaiice,  as  already  explained  in  the  case 
%£  tlw  governor.  When,  the  level  of  the  water  rises, 
the  buoyancy  of  the  ball  causes  it  to  rise  also  with  a  foiee 
eqnal  to  the  difference  between  its  own  'weight  and  the 
weight  of  as  much  water  as  it  displaces.  By  enlarging 
the  floating  ball,  a  force  may  be  obtained  sufficiently 
ipreat  to  move  those  parts  of  the  machinery  which  act 
vpon  the  power  or  resistance,  and  thus  either  to  diminish 
ihit  mpply  of  the  moving  principle  or  to  increase  the 
MMnmt  of  the  resistance,  and  thereby  retard  the  motion 
and  reduce  the  velocity  to  its  proper  limit  When  the 
level  of  the  water  in  the  cistern  falls,  the  floating  ball, 
beiBg  DO  longer  supported  on  the  liquid  surface,  de- 
fP^MnAm  with  the  force  of  its  own  weight,  and  producing 
•B  eflEbct  upon  the  power  or  resistance  contrary  to  the 
Ifamer,  ^increases  the  eflfective  energy  of  the  one,  or 
diniiushes  that  of  the  other,  until  the  velocity  proper  to 
the  machine  be  restored. 

The  sensibility  of  these  regulators  is  increased  by 
tir^"g  the  surface  of  water  in  the  cistern  as  smaU  as 
pOMiUe ;  for  then  a  small  change  in  the  rate  at  which 
the  water  is  supplied  by  the  pump  will  produce  a  con- 
adexahle  change  in  the  level  of  the  water  in  the  cis- 
tniL 

Instead  of  using  a  float,  the  cistern  itself  may  be  sus* 
panded  from  the  lever  which  controls  the  supply  of  the 
power,  and  in  this  case  a  sliding  weight  may  be  placed 
'  on  the  other  arm,  so  that  it  will  balance  the  cylinder 
when  it  contains  that  quantity  of  water  which  carve* 
qioiids  to  the  fixed  level  already  explained.  If  the 
quantity  of  water  in  the  cistern  be  increased  by  an  inih 
do*  velocity  of  the  machine,  the  weight  of  the  cistem 
trill  preponderate,  draw  down  the  ann  of  the  lever,  aad 
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check  tlia  stippl;  of  the  power.  If,  on  the  other  bud, 
the  supply  of  water  be  too  imiU,  the  cistern  wiU  no  im. 
^r  bil&nce  the  couDterpcy«e,  the  ma  by  which  it  ie  mt- 
peaded  will  be  raised,  and  the  ensTgf  of  the  power  wiU 
be  increised. 

(30S.)  In  the  etetm-engine  the  telf'regulatin^  prin- 
ciple ii  curied  to  u  utonishing  pitch  of  perfection.  The 
mmchine  itaelf  raises  in  a  due  quantity  the  cold  witer 
neceaaary  to  condense  the  steam.  It  pnmpB  off  the  hot 
water  produced  by  the  steam,  which  has  been  coole^ 
and  lodge*  it  in  a  resarvoir  for  the  supply  of  the  bofln. 
It  carries  from  this  reservoir  exactly  that  quanti^  o( 
water  which  is  necessary  to  supply  the  wants  ut  tbs 
bculer,  and  lodges  it  therein  according  a«  it  is  reqnind. 
It  breathes  the  boiler  of  redundant  steam,  and  preaerrM 
that  which  remsins  fit,  both  in  quanti^  and  qoali^,  tat 
the  use  of  the  engine.  It  blows  its  own  fire,  nwintaia- 
ing  ita  intensity,  and  increasing  or  rfimiiiiatiltig  jt  u- 
cording  bi  the  quantity  of  iteam  which  it  ia  necesNiy 
to  raise ;  so  that  when  much  work  is  expected  fitan  tbt 
engine,  the  fire  is  proportionally  brisk  and  vind.  It 
breaks  and  prepares  its  own  fiiel,  and  scattare  it  i^ea 
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IH.  A  »i1r-piB  E  JB  mpended  ftoi  th>  gdicread  qf 
the  lever  it  A.  Through  the  centre  of  molioD  B  draw 
the  honzontal  line  K  B  G,  upon  whic^  fimn  A  and  C« 
let  fall  the  peipendiculais  A  K  and  C  D.  Then  if  B  K 
and  B  D  are  reciprocaur  proportional  to  the  vei^ts  at 
A  and  C,theT  will  be  in  equilibrio,  but  if  not,  the  weijrht 
C  will  move  upwards  or  downwards  along  the  arc  F  G 
till  that  ratio  is  obtained.  If  the  lever  be  ao  bent  that 
when  A  coincides  with  the  line  G  K,  C  coincides  with 
the  vertical  BH,  then  as  C  moves  from  F  to  G«  its  mo- 
mentum will  increase  while  that  of  the  weight  in  the 
scale-pan  £  will  decrease.  Hence  the  weight  in  £»  cor- 
responding to  different  positions  of  the  balance,  may  be 
expressed  on  the  graduated  arc  F  G. 

Bradifs  Btdancty  or  JVtighxng  •ffjHuraius. 

This  partakes  of  the  properties  both  of  the  bent  lev«r 
balance  and  of  the  steelyard.  It  is  represented  at 
fig,  196.  A  B  C  is  a  frame  of  cast  iron  having  a  great 
part  of  its  weight  towards  A.  F  is  a  fldcram,  and 
£  a  movable  suspender,  having  a  scale  and  hook  at  its 
lower  extremity.  £K  G  are  three  distinct  places,  to 
which  the  suspender  £  may  be  applied^  and  to  which 
bekmg  respectively  the  three  graduated  scales  of  divi- 
sion expressing  weights,  /C,  c  <i,  and  ah.  When  the 
scale  and  suspender  are  applied  at  G,  the  apparatus  is  in 
equilibrio,  widi  the  edge  A  B  horizontal,  and  the  suspend- 
er cuts  the  zero  on  the  scale  a  h.  Now,  any  substance, 
the  weight  of  which  is  to  be  ascertained,  being  put  into 
the  scale,  the  whole  apparatus  turns  about  F,  and  tlie 
part  towards  B  descends  till  the  equilibrium  is  again 
established,  when,  the  weigh  of  the  body  is  read  off  from 
the  ftcale  cf  6,  which  registers  to  ounces  and  extends  to 
two  pounds.  If  the  weight  of  the  body  exceed  two 
Mmiida.  and  be  less  thaa  eleven  pomidflftheaiiBpMiter 


(306.)  In  the  Mime  mkchina  tbeie  occnri  a.  nngnUrif 
hmppT  ezunpla  of  Mlf-adjuatment,  in  the  method  hf 
whkh  the  atren^  of  the  fire  U  regulKted.  The  fov- 
entor  rebates  the  aupidjr  of  rtaam  to  the  enpue,  ml 
pioportioiu  it  to  the  work  to  be  done.  With  thii  miA, 
theiefbre,  the  demandi  upon  the  boiler  increiae  or  di- 
ndniih,  tnd  with  these  demands  the  prodaction  of  atem 
in  the  bMler  oug'ht  to  vary.  In  ftct,  the  t«t«  at  which 
staun  ia  generated  in  the  boiler  ought  to  be  eqml  to 
that  at  which  h  ii  coniunied  in  the  engine,  othenriM 
one  of  two  efliKta  mnat  enaue :  either  the  boiler  will  ftil 
to  inpply  the  engine  with  iteam,  or  iteam  will  acceBfr- 
late  in  the  boiler,  being  prodaced,in  nndne  qnanti^,  ind, 
eeeaping  at  the  Mfety  ralve,  will  thua  be  wutsd.  It  ii^ 
therefise,  neeoMaiy  to  control  the  agent  which  gam- 
ntee  the  ateam,  namely,  the  fire,  and  to  nrj  ita  intent 
ty  from  tinie  to  time,  proportioning  it  to  the  demand*  t£ 
the  engine.  To  accompliah  thie,  the  fbllowing;  coBliy 
Ttnee  hai  been  adopted ;—  Let  T,  Jig.  146.,  be  a  tnba 
inaerted  in  the  top  of  the  boiler,  and  deacendiiiff  aeaily 
to  the  bottom.  The  preeanre  of  the  ateeni  confined  it 
the  boiler,  acting  upon  the  Burface  of  the  water,  t 
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A,  B,  C,  D,  represent  Soar  lereis  tendiiis'  tovards  the 
centre  of  the  platform,  hud  eicb  movable  on  iis  fulcrum 
Bt^  B,  C,  D:  the  falcrjia  of  eich  rests  npon  a  piece 
secnrely  fixed  in  iLe  comer  of  the  pit.  The  platlomi  is 
sappoited  upon  the  cross  pins  a.  b.  c  ^  by  means  of 
{neces  of  iron  Trbicii  pitiject  frcMn  it  near  iis  comers,  and 
which  are  represented  m  the  plate  by  the  short  dai^ 
lines  crossing  the  pins  <z,  &.  c.  dL  The  four  levera  are 
connected  under  the  centre  of  the  platform,  but  not  so 
«■  to  prevent  their  tree  motion,  and  are  supported  by  a 
long  lever  at  the  point  F.  the  fulcrum  of  which  rests 
upon  a  piece  of  masonry  at  £ :  the  end  of  this  last  lever 
passes  below  the  surface  of  the  road  into  the  turnpike 
house,  and  is  there  attached  to  one  arm  of  a  balance,  or, 
as  in  Salmon's  patent  weighing  machine,  to  a  strap 
passing  round  a  cylinder  which,  winds  up  a  small  weight 
TOtmd  a  spiral,  and  indicates,  by  means  of  an  index,  the 
weight  placed  upon  the  platform. 

Suppose  the  distance  from  A  to  F  to  be  ten  times  as 
great  as  that  from  A  to  a,  then  a  force  of  one  pound 
^iplied  beneath  F  would  balance  ten  pounds  applied  at 
a^  or  upon  the  platform.    Again :  let  the  distance  from 
£  to  G  be  also  ten  times  greater  than  the  distance  from 
the  fulcrum  £  to  F ;  then  a  force  of  one  pound  applied 
to  raise  up  the  end  of  the  lever  G  would  counterpoise  a 
weight  of  ten  pounds  placed  upon  F.    Now,  as  wo  gain 
ten  times  the  power  by  the  first  levers,  and  ten  times 
more  by  the  lever  E  G,  it  follows,  that  a  force  of  one 
pound  tending  to  elevate  G,  would  balance   100  lbs. 
placed  on  the  platform ;  so  that  if  the  end  of  the  lever 
G  be  attached  to  one  arm  of  a  balance,  a  weight  of 
10  lbs.  placed  in  a  scale  suspended  from  the  otlior  ami, 
will  express  the  va^ue  of   1000  lbs.  placed  upon  llm 
platform.    The  levers  axe  counterpoiHed,  when  tlin  plut< 
£nnn  is  not  loaded,  by  a  weight  H  applied  to  tlio  end  oV 

u 
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governor  already  described.  It  is  well  known  that  the 
centrifugal  force  produced  hy  this  whirling  motion  will 
cause  tliL-  tnercufj  to  recede  from  tlie  centre  andriM 
upon  the  sides  of  tlie  cup,  so  that  its  surface  will  Bsanine 
the  concave  appearance  repreaented  in  _fig.  148.  In  tlui 
c»se  the  centre  of  tlie  surface  will  obviously  havB  ftjlfn 
below  its  original  level,  _fig.  147.,  and  the  edges  will 
IiBve  risea  above  thai  level.  As  thia  effect  is  produced 
bj  the  velocity  of  the  macliine,  so  it  in  proportionate  U 
that  velocity,  and  subject  to  corresponding  variatioiis, 
Any  method  of  rendering  visible  small  changes  in 
Ihe  central  level  of  the  surface  of  the  quickolver 
will  indicate  minute  variations  in  the  velocity  of  Utt 
machine. 

A  gloss  tube  A,  open  nt  both  ends,  and  expanding  tt 
one  extremity  into  a  beU  B,  is  immersed  with  its  widei 
end  in  the  mercury,  the  surface  of  which  will  stand  tt 
the  same  level  in  the  bell  B,  and  in  the  cup  C  D.  The 
tube  is  BO  suspended  as  to  be  unconnected  with  the  cop. 
This  tube  ia  then  filled  to  a  certain  height  A,  with  spiiili 
tinged  with  some  colouring  matter,  to  reader  it  eaffllj 
observable.     When  the  cup  is  whirled  by  the  machine 
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(306.)  The  governor,  and  other  methods  of  regrola- 
\uig  the  motion  of  machinery  which  have  been  just  de- 
scribed, are  adapted  principally  to  cases  in  which  the 
proportion  of  the  resistance  to  the  load  is  subject  to 
certain  fluctuations  or  gradual  changes,  or  at  least  to 
cmaoa  in  which  the  resistance  is  not  at  any  time  entirely 
withdrawn,  nor  the  energy  of  the  power  actually  sus- 
pended. Circumstances,  however,  frequently  occur  in 
which,  while  the  power  remains  in  full  activity,  the 
resistance  is  at  intervals  suddenly  removed  and  as  sud- 
denly again  returns.  On  the  other  band,  cases  also 
present  themselves,  in  which,  while  the  resistance  is  con- 
tinuedy  the  impelling  power  ia  subject  to  intermission  at 
reg^ar  periods.  In  the  former  case,  the  machine 
would  be  driven  with  a  ruinous  rapidity  during  those 
periods  at  which  it  is  relieved  from  its  load,  and  on  the 
zetom  of  the  load  every  part  would  suffer  a  violent 
strain,  from  its  endeavour  to  retain  the  velocity  which  it 
had  acquired,  and  the  speedy  destruction  of  the  e|i- 
ffOB  could  not  fail  to  ensue.  In  the  latter  case,  the 
motion  would  be  greatly  retarded  or  entirely  suspended 
daring  those  periods  at  which  the  moving  power  is 
deprived  of  its  activity,  and,  consequently,  the  motion 
which^t  would  communicate  would  be  so  irregular  as  to 
be  useless  for  the  purposes  of  manufactures. 

It  is  also  frequently  desirable,  by  means  of  a  weak 
but  continued  power,  to  produce  a  severe  but  instanta- 
neous effect.  Thus  a  blow  may  be  required  to  be  given 
by  the  muscular  action  of  a  man's  arm  with  a  force  to 
which,  unaided  by  mechanical  contrivance,  its  strength 
would  be  entirely  inadequate. 

In  all  these  cases,  it  is  evident  that  the  object  to  be 
attained  is,  an  effectual  method  of  accumulating  the 
energy  of  the  power  so  as  to  make  it  available  after 
the  action  by  which  it  has  been  produced  has  ceased. 
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ThuB,  in  thp  caw?  in  which  the  load  is  at  periodical 
intcrvalii  witlxlrawn  fmm  llip  machino,  if  the  force  of 
the  power  nililil  bo  iiii[mrlRil  to  siimctliinj;  by  ^\'hich  it 
WDU}<1  hi!  pn-i<m'f  il,  ko  ns  to  be  brought  n^ninst  the  lotd 
when  it  ai;oin  mtiiriieil,  the  ini^'invenionco  would  be 
removc-d.  In  like  iri.inner,  in  the  cnse  where  the  power 
itaelfis  subjctt  to  intrniiisBion,  if  a  part  of  the  force 
which  it  exerts  in  it^  inten'ols  of  nctinn  conld  be  accu- 
mulated anil  prcROrvcd,  it  niij^ht  be  brought  to  hear  upon 
the  RMcliine  during  its  periods  of  suspension.  Bv  the 
same  means  of  Bcciiniu1a.tiii(r  furce,  the  etren^Ui  of  m 
iniant,  by  reiieated  eRbrts,  might  produce  effecta  wliich 
would  be  vainly  attemiitei)  by  the  single  and  momentaiy 
action  of  the  >itron<.'c<:l  mnn. 

{HtX).)  The  pro|)ertyof  inerliii,  explained  and  illuftn- 
ted  in  the  third  and  fourth  chapters  of  this  volume, 
furnisher  an  pasy  and  effectual  method  of  accomplishing 
this.  A  mnss  of  matter  retainn,  by  virtue  of  its  inertia, 
the  whole  of  any  force  which  may  have  been  given 
to  it,  cxcriit  that  part  of  which  friction  and  the  atmo- 
spheric resistance  deprives  it,     Uy  contrivances  which 

e  well  known 
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tioiiy  it  will  continue  to  move  at  this  rate  for  anj  leng^th 
ai  time.  The  same  impulse  repeated  will  increase  its 
speed  to  two  feet  per  second.  A  third  impulse  to  three 
feety  and  so  on.  TImib  10,000  repititions  of  the  impulse 
will  cause  it  to  move  at  the  rate  of  10,000  feet  per  sec- 
ond. If  the  body  to  which  these  impulses  were  com^ 
manicated  were  a  cannon  ball,  it  might,  by  a  constant 
repetition  of  the  impeUing  force,  be  at  length  made  to 
move  with  as  much  force  as  if  it  were  projected  from 
the  most  powerful  piece  of  ordnance.  The  force  with 
which  the  baU  in  such  a  case  would  strike  a  building 
might  be  sufficient  to  reduce  it  to  ruins,  and  yet  such 
force  would  be  nothing  more  than  the  accumulation  of  a 
nmnber  of  weak  efforts  not  beyond  the  power  of  a 
child  to  exert,  which  are  stored  up,  and  preserved,  as  it 
were,  by  the  moving  mass,  and  thereby  brought  to  bear, 
at  the  same  moment,  upon  the  point  to  which  the  force 
is  directed.  It  is  the  sum  of  a  number  of  actions 
exerted  successively,  and,  during  a  long  interval, 
bnmght  into  operation  at  one  and  the  same  moment 

But  the  case  which  is  here  supposed  cannot  actually 
occur;  because  we  have  not  usually  any  practical 
means  of  moving  a  body  for  any  considerable  time  in 
the  same  direction  without  much  friction,  and  without 
encountering  numerous  obstacles  which  would  impede 
'  its  progress.  It  is  not,  however,  essential  to. the  effect 
which  is  to  be  produced,  that  the  motion  should  be  in  a 
straight  line.  If  a  leaden  weight  be  attached  to  the 
end  of  a  light  rod  or  cord,  and  be  whirled  by  the  force 
of  the  arm  in  a  circle,  it  will  gradually  acquire  in- 
creased speed  and  force,  and  at  length  may  receive 
an  impetus  which  would  cause  it  to  penetrate  a  piece 
of  board  as  effectually  as  if  it  were  discharged  from  a 
nuflket. 


BtuADD'.     Froin  tliia  description  it   will   be  ajqwien    , 
that  when  the  baila  B  lue  drawn  from   the   axis,  lieir 
uppeT  anna  E  F  are  caused  to  increase  their  diTergewie 

opened  by  sepijiiting  the  bandies.  These,  acting  vpm 
the  ling  bj  means  of  the  short  links  F  H,  draw  it  doso 
the  vertical  axis  from  D  towards  E.  A  contrary  effect 
is  produced  when  the  biUls  B  are  brought  closer  to  tht 
axis,  and  the  divergence  of  the  rods  B  &  diminished 
A  horizontal  wlieel  W  ia  attached  to  the  vertical  uii 
D  D',  liaving  a  groove  to  receive  a  rope  or  strsp  upon  iu 
rim.  This  strap  passes  round  the  wheel  or  axis  bf 
which  motion  is  transmitted  to  the  machinerT  to  bi 
regulated,  so  that  tlie  spindle  or  shaA  O  D'  will  tlwtjt 
be  made  to  revolve  with  a  speed  proportionate  to  that  of 
the  machinery. 

Ah  the  shaft  D  D'  revolves,  the  balls  B  are  carried  roond 
it  with  a  circular  motion,  and  consequently  acquire  t 
centrifugal  force,  which  causes  them  to  recede  fromlbt 
axle,  and  tlierefore  to  depri^as  the  ring  H.  On  Uw 
edge  or  rim  of  Uiia  ring  is  formed  a  groove,  which  is ' 
embraced  by  the  prongs  of  a  fork  I.  a 
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plained  in  Chapter  XI. ;  and  if  a  sabstance  could  be 
found  not  susceptible  of  any  changre  in  its  dimensions 
fit)m  a  change  of  temperature,  nothing  more  would  be 
necessary,  as  the  centre  of  oscillation  would  always 
remain  at  the  same  distance  from  the  point  of  suspen- 
won.  As  every  known  substance,  however,  expands  with 
heat,  and  contracts  with  cold,  the  length  of  the  pendulum 
•  will  vary  with  every  alteration  of  temperature,  and  thus 
the  time,  of  its  vibration  will  suffer  a  corresponding 
change.  The  effect  of  a  difference  of  temperature  of 
25^,  or  that  which  usually  occurs  between  winter  and 
summer,  would  occasion  a  clock  furnished  with  a  pen- 
dulum having  an  iron  rod  to  gain  or  lose  .six  seconds  in 
twenty-fimr  hours. 

It  became  then  highly  important  to  discover  some 
means  of  counteracting  this  variation  to  which  the 
lengfth  of  the  pendulum  was  liable,  or,  in  other  words,  to 
devise  a  method  by  which  the  centre  *of  oscillation 
should,  ^under  every  change  of  temperature,  remain  at 
tii6  same  distance  from  the  point  of  suspension :  happi- 
ly, tiie  dilibrenoe  in  the  rate  of  expansion  of  different 
metals  presented  a  ready  means  of  efibcting  this. 

Graham,  in  the  year  1715,  made  several  experiments 
to  ascertain  the  relative  expansions  of  various  metals, 
with  a  view  of  availing  himself  of  the  difference  of  the 
expansions  of  two  or  more  of  them  when  opposed  to 
each  other,  to  construct  a  compensating  pendulum.  But 
the  difference  he  found  was  so  small,  that  he  gave  up 
all  hope  of  being  able  to  accomplish  his  object  in  that 
way.  Knowing,  however,  that  mercury  was  much  more 
atfected  by  a  given  change  of  temperature  than  any 
other  substance,  he  saw  that  if  the  mercury  could  be 
made  to  ascend  while  the  rod  of  the  pendulum  became 
longer,  and  vice  versd,  the  centre  of  osciUation  might 
always  be  kept  at  the  same  distance  from  the  v^\s&.^t 

u3 
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kind  mu(t  be  f«Mnted  to.    The  foUowing  contnvaDee  ii 
ctUed  the  ualtr-rtmlaton — 

A  common  pump  is  woriied  by  the  machine,  vhoM 
motion  ii«  to  be  rGftnlati-d,  and  water  u  thus  laued  ml 
discliarffed  into  a  cistern.  It  is  allowed  to  flow  fion 
this  cistem  thraui^h  a  pipe  of  a  given  magnitude.  Whea 
the  water  ia  pumped  up  with  the  same  velocity  aa  itii 
diachar^d  bj  thia  pipe,  it  ia  evident  that  the  level  of  tlie 
water  in  the  cistem  will  be  Btationat7,  aince  it  recMvea 
from  the  pump  the  exact  quantity  which  it  dichugw 
from  the  pipe.  But  if  the  pump  throw  in  more  wittf 
in  a  given  time  than  ia  discharged  by  the  [upe,  the  di- 
tem  will  begin  to  be  filled,  and  the  level  of  the  watn 
will  riae.  If,  on  the  other  hand,  the  euppljr  fhmi  the 
pomp  be  leu  than  the  digcharge  from  the  pipe,  the  levd 
of  the  water  in  the  cistern  will  aubiide.  Since  the  rate 
at  which  water  ia  BU]^lied  from  the  pump  will  alw^  be 
propottional  to  the  velocity  of  the  machine,  it  feUowi 
that  every  fliictiiKtion  in  this  velncily  will  Im  indieaM 
by  the  risiug  or  eiibsiding  of  the  level  of  the  water  is 
i  that  level  never  can  remain  stationary, 
t  velocity  wbieb  g 
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neeted  with  a  lever  acting  upon  some  part  of  the  mli- 
cfameTy,  which  controls  the  power  or  regrnlates  the 
MBMwtrfi  of  resistance,  as  already  explained  in  the  case 
of  the  goremor.  When,  the  level  of  the  water  rises, 
the  bnoyancy  of  the  ball  causes  it  to  rise  also  with  a  fove 
equal  to  the  difference  between  its  own  'weight  and  the 
weight  of  as  nrach  water  as  it  displaces.  By  enlarging 
the  floating  ball^  a  force  may  be  obtained  sufficiently 
^gtmt  to  move  those  parts  of  the  machinery  which  act 
^apaa  the  power  or  resistance,  and  thus  either  to  diminish 
the  aopply  of  the  moving  principle  or  to  increase  the 
ewooxit  of  the  resistance,  and  thereby  retard  the  motion 
and  reduce  the  velocity  to  its  proper  limit  When  the 
level  of  the  water  in  the  cistern  falls,  the  floating  ball, 
being  no  longer  supported  on  the  liquid  surface,  de- 
.ecendfl  with  the  force  of  its  own  weight,  and  producing 
•B  efibct  upon  the  power  or  resistance  contrary  to  the 
Ibimer,  mcreajses  the  effective  energy  of  the  one,  or 
diminishes  that  of  the  other,  until  the  velocity  proper  to 
the  machine  be  restored. 

The  sensibility  of  these  regulators  is  increased  by 
neking  the  surfajce  of  water  in  the  cistern  as  small  as 
poenble ;  for  then  a  small  change  in  the  rate  at  which 
the  water  is  supplied  by  the  pump  will  produce  a  con- 
adeiahle  change  in  the  level  of  the  water  in  the  cis- 
tern. 

Instead  of  using  a  float,  the  cistern  itself  may  be  sus- 
pended from  the  lever  which  controls  the  supply  of  the 
power,  and  in  this  case  a  sliding  weight  may  be  placed 
on  the  other  aim,  so  that  it  will  balance  the  cylinder 
when  it  contains  that  quantity  of  water  which  corre* 
spends  to  the  fixed  level  already  explained.  If  the 
quantity  of  water  in  the  cistern  be  increased  by  an  iBa* 
dve  velocity  of  the  machine,  the  weight  of  the  cistern 
viU  ptepoi^nte,  draw  down  the  arm  of  the  lever,  and 
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check  the  stipply  of  the  power.  If,  on  the  o&er  hand, 
tke  snpply  of  water  be  too  imtll,  the  cutem  will  no  lon- 
gwr  balance  the  counterpoise,  the  um  bj  which  it  ia  aot- 
ponded  will  be  taieei,  and  the  ene^y  of  the  power  will 

(805.)  In  the  ateam-en^ne  the  tetf-regalatin^  prm- 
ciple  ia  carried  to  an  aatoniahin^  pitch  of  perfection.  Tha 
machine  itself  raisea  in  a  due  quantity  the  cold  water 
necBMary  to  condense  the  steam.  It  pumpe  off  the  hot 
water  produced  by  the  steam,  which  has  been  cocded, 
and  lodg'ea  it  in  a  reservoir  for  the  Bupi^y  of  the  boOir. 
It  carries  froni  this  reservoir  exactly  that  qumntity  sf 
water  which  ia  neceaaary  to  supply  the  want*  of  the 
bcnler,  and  lodges  it  therein  according  as  it  is  required. 
It  breathes  the  boiler  of  redundant  steam,  and  preseiTM 
that  which  remains  fit,  both  in  quantity  and  qoality,  for 
the  iiae  of  the  engine.  It  blows  its  own  Are,  nwintiin- 
ing  its  intensity,  and  increasing  or  riiminiahing  {t  ac- 
cording to  the  quantity  of  steam  which  it  ia  neceamr 
to  raise  ;  eo  that  when  much  work  ie  expected  from  tl» 
engine,  the  fire  is  proportionally  brisk  and  vivid.  It 
breaks  and  prepares  its  own  fuel,  and  ecattars  it  n 
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aditnade  in.a  piece  which  is  called  the  cock  of  the  |M^n- 
duliipi.  The  point  of  suspension  is,  tlien'foro,  that  |mrt  of 
Che  apringwiuch  meets  the  lower  surfarn  of  Uio  rock. 
N(0ir  the  distance  of  the  centre  of  oscHlation  of  tho 
pendolom  from  this  point  may  be  varied  in  two  wnya ; 
the  one  by  drawing  up  the  spring  through  tliis  Hlit,  nnd 
the  other  by  raising  the  bob  of  the  pcnduhiui.  KiUior 
of  these  methods  may  be  practised  in  tlm  coinponiintioit 
pendolimi,  but  the  former  is  subject  to  objoctionn  fVoei 
which  the  latter  is  exempt 

Suppose  it  were  required  to  componsato  a  |>ondii- 
kun  of  d9  inches  in  length,  of  steel,  by  moans  of  thi*  ox^ 
pansion  of  a  brass  rod.  Here,  referring  to  /g.  SMM., 
we  have  SC  99  inches  (which  is  to  nimain  cnnfftant) 
of  ateel ;  the  pendulum  spring,  passing  tliniugh  tlin  nirk 
atSyia  attached  to  another  rod  of  stcol,  which  w  flxnd 
to  the  cross  piece  R  A  at  A.  The  other  end  of  tlio  croMS 
piece  at  R  is  fastened  to  a  brass  rod,  tlio  lowor  oxtmiriity 
of  which  is  fixed  to  the  cock  of  the  pcnduhmi  at  II. 
Now  the  brass  rod  B  R  must  expand  upwards,  as  inurh 
aa  the  steel  rod  A  C  expands  downwards ;  and  thn 
length  of  the  brass  must  be  such  as  to  effect  tliis,  Inaving 
99  inches  of  the  steel  rod  below  the  cock  of  tlui  pen- 
dulum. 

Let  us  first  try  80  inches  of  steel.  Multiplying  tliis 
by  *6091,  we  have  48-73  inches  for  the  lengtli  of  brass, 
which  compensates  80  inches  of  steel.  But  as  4H'Ti 
inches  of  the  steel,  equal  in  length  to  the  brass,  would 
in  this  case  be  above  the  cock  of  the  pcnduhim,  it 
would  leave  only  31'37  inches  below  it,  instead  of  f'J9 
inches. 

Let  us  now  try  100  inches  of  steel.  This,  multiplied 
as  before  by  -6091,  gives  G091  inches,  according  to  the 
expansions  which  we  have  used,  for  the  length  of  the 
rod,  and  leavea  8909  inches  below  the  cock  of  thft 
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in  the  dirocUon  G  H  or  H  G  can  obviously  produce  no 
other  cfiWt  tlian  a  Htrniii  upon  t)ic  pivots  or  gudgeoie. 
In  till?  criticBl  Hitnntidns  reprfscnted  in  Jis.  13.%  ud 
Jig.  ISi^  tin.'  mncliinr  wnulU  bt  incapable  of  moving, 
were  tlin  iitiiiK'Jiiitr  force  of  the  power  tlie  only  impel- 
ling principle.  Jliit  Imviiig  been  previously  in  motion  bi 
virtue  of  tlie  incttin.  nf  \U  various  parts,  il  has  a  tenden- 
cy to  continue  in  niolion;  und  if  tlic  roaistance  oftbe 
load  and  tlie  effects  of  friction  be  not  too  great,  tbi^  dis- 
position to  prcEPrvc  its  state  of  motion  will  extricate  the 
macliinc  fnini  tlic  dilcnina  in  which  it  is  involved  in  tbe 
cases  just  mentioned,  by  tlic  peculiar  arrangement  of 
its  parts.  In  many  cases,  Iiowever,  the  force  thus  u- 
cjuired  during  ilin  plio^pq  of  tho  iDAchine,  in  which 
the  power  La  active,  is  insufficient  to  carry  it  through 
the  dead  points  (Ji^.  153.  ond  _fig.  156.) ;  and  in  all 
cases  the  motion  would  be  very  unequal,  being  con- 
tinually retarded  as  it  approached  these  points,  and 
continually  aceplerated  ftfter  it  passed  them.  A  flj- 
wheel  atU-ched  to  the  ojiis  A,  or  to  some  other  partof 
the    machinory,    will    efTectually  remove     this     defect 


CHAP*  XTIl.  FI.T-WH££Iu  375 

e£fect8  of  machines,  the  reader  will  not  be  liable  to  a 
Himilar  mistake.  On  the  contrary,  as  a  fly  cannot /act 
without  firiction,  and  as  the  amomit  of  the  friction,  like 
that  of  inertia,  is  in  proportion  to  the  weight,  a  portion 
of  the  actual  moving  force  must  unavoidably  be  lost  by 
the  nse  of  a  fly.  In  cases,  however,  where  a  fly  is  prop- 
exly  applied,  this  loss  of  power  is  inconsiderable,  com- 
pued  with  the  advantageous  distribution  of  what  re- 
mains. 

As  an  accumulator  of  force,  a  fly  can  never  have 
mare  force  than  has  been  applied  to  put  it  in  motion.  In 
tiiis  respect  it  in  analogous  to  an  elastic  spring,  or  the 
force  of  condensed  air,  or  any  other  power  which  de- 
meB  its  existence  from  causes  purely  mechanical.  In 
bending  a  spring,  a  gradual  expenditure  of  power  ia  nee- 
ewaiy.  On  the  recoil,  this  power  is  exerted  in  a  much 
shorter  time  than  that  consumed  in  its  production,  but  its 
total  amount  is  not  altered.  Air  is  condensed  by  a  suc- 
oeseion  of  manual  eflbrts,  one  of  which  alone  would  be  in- 
oapahle  of  projecting  a  leaden  ball  with  any  considerable 
fince,  and  all  of  which  could  not  be  immediately  applied 
to- the  ball  at  the  same  instant.  But  the  reservoir  of  con- 
jensed  air  is  a  magazine  in  which  a  great  number  of 
■ach  eflforts  are  stored  up,  so  as  to  be  brought  at  once 
into  action.  If  a  ball  be  exposed  to  their  efl^ct,  it  may 
be  pi9|ected  with  a  destructive  force. 

In  mills  for  rolling  metal  the  fly-wheel  is  used  in  this 
'way.  The  water-wheel  or  other  moving]  power  is  al- 
lowe4  for  some  time  to  act  upon  the  fly-wheel  alone,  no 
load  being  placed  upon  the  machine.  A  force  is  thus 
gained  which  is  sufficient  to  roll  a  large  piece  of  metal, 
.to  which  without  such  means  the  mill  would  be  quite 
inadequate.  In  the  same  manner  a  force  may  l^e  gained 
by  tiie  arm  of  a  man  acting  on  a  fly  for  a  few  seconds, 
mffieient  to  impress  an  image  on  a  piece  of  metal  by  an 
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governor  already  describenl.  It  ia  well  knOwn  that  (he 
cenlrifugBl  force  produced  fay  this  whirling  motion  will 
cause  Uic  mercury  (n  recede  from  ttio  centre  and  rise 
upon  the  eides  of  tJie  cup,  ao  tliat  its  surface  will  asaome 
the  concave  appearance  represented  in  _fig.  148.  In  this 
case  the  centre  of  [lie  surface  will  obviously  have  fallen 
below  its  original  level,  ^g.  147^  and  the  edges  wiD 
have  risen  above  thiit  level.  Aa  this  efiect  is  produced 
by  the  velocity  of  the  machine,  so  it  is  proportlonste  it 
that  velocity,  and  auhjecl  to  correapondiag  variationi 
Any  method  of  rendering  visible  small  changed 
the  central  level  of  tlie  surface  of  the  quiefcsilvei 
will  indicate  minute  variations  in  Ibe  velocity  of  the 
machine. 

A  gloss  tube  A,  open  at  both  ends,  and  expanding  il 
one  extremity  into  a  bell  B,  is  immersed  with  Its  wider 
end  in  the  mercury,  the  siufsce  of  which  will  stai 
the  same  level  in  the  bell  B,  and  in  the  cup  C  S.  Tbe 
tube  is  ao  suspended  aa  to  be  unconnected  with  the  cup. 
This  tube  ia  then  filled  to  a  certain  iicight  A,  with  s| 
tinged  with  some  colouring  mitter,  to  render  it  easilj 
observable.     When  lie  cup  ia  wliirled  by  the  machine   | 
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Id  titUBp  oat  piecea  of  the  required  figured  When  the 
ftltem  ki  complicatecl,  and  it  is  necewary  to  preserve 
vjfth  eanctnewi  the  rektive  situation  of  its  difibrent  parts, 
•  omiber  of  punches  are  impeUed  together,  so  as  to 
strike  the  entue  piece  of  metal  at  the  sane  instant,  and 
Ml  tfaif  maaner  tiie  most  elaborate  open  work  is  executed 
hf  •  nglec  stroke  oi  the  hand. 


CHAPTER  XVm. 

MteHAlf ICAl  CONTRIYJLNCBB  T0%  MODIFTIirG  MOTIOIT. 

(8]J9i.)  T>B  classes  of  simile  machines  denominated 
■weteme  peipsrs,  have  relation  chiefly  to  the  peculiar 
piaclple'  which  determines  the  action  of  the  power  on 
weigict  or  Meistance.  In  ex|dainingr  this  arrange- 
farisne  other  reflections  have  beeri  incidentally 
Mp  with  our  investigations;  yet  still  much  re- 
ta  be  nnfolded  before  the  student  can  tona  a 
Jut  Dotiott  of  those  means,  by  which  the  complex  mar 
ehiiiary  need  in  the  arts  and  manufactures  so  effbctnaHy 
Kttaina  the  ends,  to  the  accomplishment  of  which  it  is  d^ 
Mcte4. 

By  a  power  of  a  given  energy  to  oppose  a  resistance 

of  a  different  energy,  or  by  a  moving  principle  having  a 

velocity  to  generate  another  velocity  of  a  diflbrent 

ia  only  one  of  the  many  objects  to  be  effected 

'b^r  a  machine.    In  the  arts  and  manufkctures  tiie  kind 

ni  motion  produced  is  generally  of  greater  importance 

timi  ita  rerfe.     The  latter  may  effect  the  quantity  of 

done  in  a  given  time,  but  the  fonner  is  essential  to 

peribrmaace  of  the  work  in  any  qnantily  whatever 

^3 
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Thiu,  in  t)it<  rur  in  which  the  loail  is  nt  periodical 
intervalti  withdrawn  from  thf  machinr,  if  Iho  force  of 
the  ]>owpr  I'liiilil  bo  iuiparloil  tn  9<>mHliiii|r  by  whichil 
would  li(^  pn-i>crvc>rl.  sn  iizi  to  be  bruiij;1it  ugninDt  the  lotd 
when  it  n^tin  mtiiriicil,  the  ini'imvc^nicnrc  would  be 
remmnd.  hi  liko  iimnnor,  in  the  cnse  wiipre  the  power 
itself  in  mihjcct  to  iiitcniiiwion,  if  b  part  of  the  force 
which  it  exerts  in  its  intervnln  of  action  rould  be  actru- 
muloteil  anil  prexervod,  it  might  be  brought  to  bear  upon 
the  macliine  during  its  periods  of  suspension.  B;  the 
same  means  of  accumiilatinft  force.  Die  strength  <^ui 
infant,  by  reiwatcil  efforts,  iiu^ht  produce  effects  which 
would  be  vainly  attempted  by  the  single  and  monientuy 
action  oflhe  Ktmticrciit  man. 

{;W).)  The  property  of  Inertia,  explained  and  illusbt- 
ted  in  the  third  and  fourth  chapters  of  this  voluue, 
furnishes  an  easy  and  effectual  method  of  accompliahinf 
this.  A  mass  of  matter  retainn,  by  virtue  of  its  ioeitii, 
die  whole  of  any  force  whlcli  may  have  been  given 
to  it,  except  Uiat  part  of  which  friction  and  the  atmo- 
spheric resistance  deprives  it.     By  contrivances  which 
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tion,  it  will  contiDue  to  move  at  this  rate  for  any  length 
of  time.  The  same  impulse  repeated  will  increase  its 
speed  to  two  feet  per  second.  A  third  impulse  to  three 
feet,  and  so  on.  Tbus  10,000  repititions  of  the  impulse 
will  cause  it  to  move  at  the  rate  of  10,000  feet  per  sec- 
ond. If  the  body  to  which  these  impulses  were  eooo 
municated  were  a  cannon  ball,  it  might,  by  a  constant 
repetition  of  the  impeUing  force,  be  at  length  made  to 
move  with  as  much  force  as  if  it  were  projected  fiom 
the  most  powerful  piece  of  ordnance.  The  force  with 
which  the  ball  in  such  a  case  would  strike  a  building 
might  be  suflicient  to  reduce  it  to  ruins,  and  yet  sack 
force  would  be  nothing  more  than  the  accumulation  of  a 
number  of  weak  efforts  not  beyond  the  power  of  a 
child  to  exert,  which  are  stored  up,  and  preserved,  as  it 
were,  by  the  moving  mass,  and  thereby  brought  to  bear, 
ftt  the  same  moment,  upon  the  point  to  which  the  force 
18  directed.  It  is  the  sum  of  a  number  of  actions 
exerted  successively,  and,  during  a  long  interval, 
brought  into  operation  at  one  and  the  same  moment 

But  the  case  which  is  here  supposed  cannot  actually 

occur;   because  we    have  not  usually   any    practical 

meuia  of  moving  a  body  for  any  considerable  time  in 

tiie  same  direction  without  much  friction,  and  without 

^    jMDGOuntering  numerous  obstacles  which  would  impede 

^  -  ita  progress.    It  is  not,  however,  essential  to. the  effect 

-    which  is  to  be  produced,  that  the  motion  should  be  in  a 

^   Btraight  line.    If  a  leaden  weight  be  attached  to  the 

^  end  of  a  light  rod  or  cord,  and  be  whirled  by  the  force 

^    of  the  arm  in  a  circle,  it  will  gradually  acquire  ih- 

^   creased  speed  and  force,  and  at   length  may .  receive 

^    an  impetus  which  would  cause  it  to  penetrate  a  piece 

*^  of  board  as  effectually  as  if  it  were  discharged  from  a 


s  or  lucMAMic*.     nur.  ■ 


The  force  of  a  liammcr  or  aledg;e  depends  part]/  oa 
iU  weight,  but  much  more  on  the  principle  juatei- 
idsioed.  Were  it  alio*  ed  merely  to  fall  by  the  force  of 
it*  weii^ht  upon  the  hend  of  a  nail,  or   upon  a  bar  of 


he*ted  iron  which  is  to  be  datteood, 
efiect  would  bo  prodiicei 


motion  iocreaeed  force,  which  is  finijly 
a  vingle  inatsjil  ou  the  head  of  Ihe  nail, 
of  iron. 

The  effects  of  fiaiU 
ctneB,   aad 
cleavers,   sod   all 
depeitd  on  the  hbi 

The  bow-Btring 
produce  its  effect 
the  shail  until 


naiderable 
s  u'ielded  bj 
lotoent  of  iU 
expended  in 
ir  on  the  bu 


rsshing,  of  i^lube,   i 

strtldug,    ox 

which  cut   by    a  bimr, 

priociple,  aad   are    similar!]'  ei- 


hich  impels  the  arrow  does  not 
once.  It  contiDuea  to  act  upon 
straight  poeition,  and  Iheo 
the  arrow  takes  (light  with  the  force  accumulated  dm- 
ing  the  contiiiuBnce  of  the  nction  of  the  atring,  from 
the  moment  it  was  diaengaged  from  the  finger  of  Ibe 
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as  a  magazine  in  which  force  may  be  deposited  and  ac- 
camulated,  to  be  used  in  any  way  which  may  be  neces- 
sary. For  many  reasons,  which  will  be  sufficiently 
obvious,  the  form  commonly  given  to  the  mass  of  matter 
used  for  this  purpose  in  machinery  is  that  of  a  wheel,  in 
the  rim  'of  which  it  is  principally  collected.  Conceive 
a  massive  ring  of  metal,  Jig.  149.,  connected  with  a 
central  box  or  nave  by  light  spokes,  and  turning  on  an 
asis  with  little  friction.  Such  an  'apparatus  is  called  a 
fly-wheel.  If  any  force  be  applied  to  it,  with  that 
force  (making  some  slight  deduction  for  friction)  it  will 
move,  and  will  continue  to  move  until  some  obstacle 
be  opposed  to  its  motion,  which  will  receive  from  it  a 
part  of  the  force  it  has  acquired.  The  uses  of  this 
apparatus  will  be  easily  understood  by  examples  of  its 
application. 

Suppose  that  a  heavy  stamper  or  hammer  is  to  be 
raised  to  a  certain  height,  and  thence  to  be  allowed  to 
fid],  and  that  the  power  used  for  this  purpose  is  a  water- 
wheel.  While  the  stamper  ascends,  the  power  of  the 
wheel  is  nearly  balanced  by  its  weight,  and  the  motion 
of  the  machine  is  slow.  But  the  moment  the  stamper  is 
disengaged  and  allowed  to  fall,  the  power  of  the  wheel, 
having  no  resistance,  nor  any  object  on  which  to  expend 
itself,  suddenly  accelerates  the  machine,  which  moves 
with  a  speed  proportioned  to  the  amount  of  the  power, 
until  it  again  engages  the  stamper,  when  its  velocity  is  as 
suddenly  checked.  Every  part  suffers  a  strain,  ana  the 
machine  moves  again  slowly  until  it  discharges  its 
load,  when  it  is  again  accelerated,  and  so  on.  In  this 
case,  besides  the  certainty  of  injury  and  wear,  and  the 
probability  of  fracture  from  the  sudden  and  frequent 
changes  of  velocity,  nearly  the  whole  force  exerted  by 
the  power  in  the  intervals  between  the  commencement 
of  each  descent  of  the  stamper  and  the  next  ascent  is 
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Straps,  budn,  or  ropes,  iniT  coimnniiickte  rat^tioato 
ft  wheel,  by  their  friction  in  ft  groove  upon  its  ed^. 

A  oontiniieil  rectilinear  motioD  ii  produced  bj  b  cod- 
tinued  circular  motion  in  the  c«m  of  >  mcrew.  The 
lever  which  turns  the  screw  has  a  continued  cireokr 
motion,  while  the  screw  iUelfadvaJicei  withacooliinisd 
rectilinear  motion. 

The  continued  rectilinear  motion  of  a  atrBam  of  water 
acting  upon  a  wheel  producaa  continued  circular  motkn 
ID  the  wheel,  ^.  03,  94,  95.  In  like  manner  the  coo- 
tinned  rectilinear  motion  of  ths  wind  produce*  ft  CM- 
tinued  circular  motion  in  the  arms  of  a  windmilL 

Cranei  for  raising  and  lowering  heavy  weight*  cwmrt 
ft  circular  motion  of  the  power  into  a  oontiniMd  rscti- 
lioear  motion  of  the  weight. 

(316.)  Continued  circular  motion  may  produce  neip- 
rocuing  rectilinear  motion,  by  •  gr«ftt  viuiety  of  ioges- 
ious  contrivances. 

Reciprocating  rectilinear  motion  is  used  when  heavy 
■tunpen  are  to  be  raised  to  a  certain  height,  and  allowed 
lo  fall  upon  some  object  placed  banenth  them.  This 
may  be  accompliahed  by  s  wheel  bearing  c 


A  square  tube  of  zhic  was  cast.  «men  iachea  kmg  uid 
three  qoazten  of  an  i^cb  sqnue :  tiie  interaal  dtmen- 
moDS  being  four  tenths  cf  an  inch.  The  lower  part  of 
tke  pendulum  rod  wa<  cut  a-vrav  on  the  two  sides,  so  as 
to  slide  with  perfect  freedom  within  the  tabe  of  zinc. 
To  the  botlcHn  of  this  zinc  tnbe  a  piece  of  brass  a  quar- 
ter ef  an  inch  thick  was  soldered,  in  which  a  circular 
hole  was  made  nearljr  four  tenths  of  an  inch  in  diameter, 
having  a  screw  on  the  inside.  A  cylinder  of  zinc,  fiir- 
Dished  with  a  corresponding  screw  on  its  surface,  fitted 
into  this  aperture,  and  a  thin  plate  of  brass  screwed 
upon  the  cylinder,  seired  as  a  clamp  to  prevent  any 
shake  aAer  the  length  of  zinc  necessary  for  compensa- 
tion shoidd  have  been  determined.  A  hole  was  made 
through  the  axis  of  the  cylinder,  through  which  passed 
the  steel  screw  terminating  the  pendulum  rod. 

An  opening  was  made  through  the  bob  of  the  pen- 
dulum, extending  to  its  centre,  to  admit  the  square  tube 
of  zinc  which  was  fixed  at  its  upper  extremity  to  the 
centre  of  the  bob.  The  pendulum  rod  passed  through 
the  bob  in  the  usual  manner,  and  the  whole  was  sup- 
ported by  a  nut  on  the  steel  screw  at  the  extremity. 

In  this  form  the  compensation  acts  immediately  upon 
the  centre  of  the  bob,  elevating  it  along  the  rod  as 
much  as  the  rod  elongates  downwards :  the  method  of 
calculating  the  length  of  the  required  compensation  is 
precisely  the  same  as  that  we  have  before  given. 

Assuming  the  length  of  the  deal  rod  to  be  43  inches, 
and  multiplying  this  by  *1313  from  Table  If.,  wo  have 
&64  inches  for  the  length  of  Uio  zinc  necessary  to  coun- 
teract the  expansion  of  the  deal.  Tho  longtli  of  tho 
steel  screw  between  tlie  termination  of  tlio  i>endiihim 
rod  and  the  nut  was  two  inches,  and  tliat  of  tlio  Hiispon- 
sion  spring  one  inch.  Now,  3  inches  of  steel  miiltiplinrl 
by  '0682  would  give  1*10  inches  for  the  length  of  us» 
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An  apparatus  applied  by  M.  Zurcrla.  in  a  taacluae 
for  pricking  holes  iu  leather  \e  represented  in  Jig.  IGS. 
The  wheel  A  B  has  its  cirtomference  formed  into  leeth, 
the  shape  of  wliich  may  b«  varied  accordiiig  to  the  di- 
comslaciceH  under  which  it  is  to  be  applied.  One  extrem- 
ity of  Ihe  rod  at  rests  upon  the  teolli  uf  the  wheel  Vfoa 
wliich  it  is  pressed  by  a  spring  at  the  other  extrenulj. 
When  tlie  wheel  revolves,  it  coounimicates  to  titis  rod  ■ 
reciprocating  rectilinear  inotioii. 

Lei^wld  has  applied  tliis  inecbanism  to  move  the  ps- 
tons  of  puinpa.*  Upon  the  vertical  atcia  of  a  horlwotal 
hydraulic  wheel  it)  lixed  another  hoiixontal  wheel,  which 
is  fumisbed  with  acven  teeth  in  the  manner  of  a  crown- 
wheel. (%3.)  These  teeth  are  shaped  like  inclined 
planes,  the  intervals  between  thera  being  equal  to  tie 
length  of  the  planes.  Projecting  arms  attached  to  the 
piston  rods  rest  upon  the  crown  of  this  wheel ;  and,  u  it 
revolvea,  the  inclined  BiirfaceB  of  the  teeth,  being  forced 
under  the  arm,  raise  the  rod  upon  the  principle  of  the 
wedge.  To  diminish  the  obstmclion  ariain)^  from  frictiDttt 
the  projecting  arms  of  the  piston  roda  lire  provided  with 
rollers,  which  run  upon  the  leeth  of  the  wheel.      In  one 


CHAV.  ^nri.  sllicott'b  PENDintrH.  365 

A  tabe  of  zinc  D  passes  to  the  centre  of  the  bob  from 
below,  and  the  bob  is  supported  upon  it  by  a  piece 
which  crosses  its  centre,  and  which  meets  the  upper  end 
of  the  tube. 

The  rod  beingr  passed  through  the  bob  and  zinc  tube, 
a  not  is  applied  upon  a  screw  at  the  lower  extremity  of 
the  rod  in  the  usual  manner.  If  the  compensation 
shoold  be  too  much,  the  zinc  tube  is  to  be  shortened  until 
it  is  correct. 

The  length  of  the  zinc  tube  will  be  the  same  in  this 
pendulum  as  in  that  of  Mr.  Ward  —  about  23  inches, 
if  his  experiments  are  to  be  relied  upon. 

The  objection  to  this  pendulum  appears  to  be  its  great 
length,  which  amounts  lo  63  inches.  We  conceive  it 
wonld  be  preferable  to  place  the  zinc  above  the  bob, 
as  in  the  modification  which  we  have  suggested  of 
Benzenberg*s  pendulum. 

EUicoWs  Pentbdum, 

It  appears  that  the  idea  of  combining  the  expansioos 
of  different  metals  with  a  lever,  so  as  to  form  a  com- 
pensation pendulum,  originated  with  Mr.  Graham:  for 
Mr«  Short,  in  the  Philosophical  Transactions  for  1753, 
states  that  he  was  informed  by  Mr.  Shelton,  that  Mr. 
Grfvham,  in  the  year  1737,  made  a  pendulum,  consisting 
of  three  bars,  one  of  steel  between  two  of  brass ;  and 
that  the  steel  bar  acted  upon  a  lever  so  as  to  raise  the 
pendulum  when  lengthened  by  heat,  and  to  let  it  down 
when  shortened  by  cold. 

This  pendulum,  however,  was  fbund  upon  trial  to 
move  by  jerks,  and  was  therefore  laid  aside  by  the  in- 
ventor to  make  way  for  the  mercurial  pendulum. 

Mr.  Short  also  says  that  Mr.  Fotheringham,  a  quaJcer 
of  lincednshire,  caused  a  pendulmn  to  be  made,  in  the 
7«tfl738  or  1739,  eontbting  of  two  b«ns  oda  «C 
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miijr  be  used.  The  two  thafta  or  ules  A  V,Jlg.  187^ 
between  which  tlii'  motion  ia  to  be  communicated,  tc^ 
minate  in  l^^^liciTclel■,  the  diameters  of  which,  C  D  ind 
EF,  are  fixed  in  Uie  form  of  a  cross,  their  extremitiH 
moring  freely  in  bullies  placed  in  the  cxtremitiea  of  ibe 
■einicitclce.  TIiuh,  while  the  centnl  cross  remains  un- 
moved, the  shaft  A  end  its  scmiciicular  end  majie- 
Tolve  round  C  D  as  an  axis ;  and  the  shaft  B  and  ib 
senucbcular  end  may  revolve  round  E  F  as  an  axis.  If 
the  shaft  A  be  made  to  revolve  withoot  changing  ib 
direction,  the  points  C  D  will  move  in  a  circle  whose 
centre  is  at  the  nuddle  of  the  cross.  The  motion  thus 
g^ven  to  the  rroas  wilt  cause  the  points  E  F  to  move  in 
another  riKle  nmnd  the  es.me  centre,  and  lienee  dw 
•haft  B  will  be  made  to  revolve. 

This  instrument  will  not  transmit  the  motion  if  the 
angle  under  the  directions  of  the  shafts  be  less  than  140°. 
In  this  case  a  double  joint,  as  represented  in  j^.  168., 
will  answer  the  purpose.  This  consists  of  four  semidp 
cles  united  by  two  crosses,  and  its  jHinciple  and  opera- 
tion is  the  snine  bi<  in  the  l&st  case. 
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the  prime  mover,  and  great  advantage  is  gained  by  di- 
viding them  into  convenient  lengths,  connected  by  a 
joint  of  this  kind. 

(318.)  In  the  practical  application  of  machinery,  it  is 
often  necessary  to  connect  a  part  having  a  continued 
circular  motion  with  another  which  has  a  reciprocating 
or  alternate  motion,  so  that  either  may  move  the  oth- 
er. There  are  many  contrivances  by  which  this  may  be 
effected. 

One  of  the  most  remarkable  examples  of  it  is  present- 
ed in  the  scapements  of  watches  and  clocks.  In  this 
case,  however,  it  can  scarcely  be  said  with  strict  propri- 
ety that  it  is  the  rotation  of  the  scapement-wheel  (266.) 
which  communicates  the  vibration  to  the  balance-wheel 
or  pendulum.  That  vibration  is  produced  in  the  one 
cose  by  the  peculiar  nature  of  the  spiral  spring  fixed 
apon  the  axis  of  the  balance-wheel,  and  in  the  other  case 
by  the  gravity  of  the  pendulum.  The  force  of  the 
Bcapement-wheel  only  mainicdns  the  vibration,  and  pre- 
vents its  decay  by  friction  and  atmospheric  resistance. 
Nevertheless,  between  the  two  parts  thus  moving,  there 
exists  a  mechanical  connection,  which  is  generally 
broaght  within  the  class  of  contrivances  now  under  con- 
sideration. 

A  beam  vibrating  on  an  axis,  and  driven  by  the  piston 
of  a  steam-engine,  or  any  other  power,  may  communi- 
cate rotary  motion  to  an  axis  by  a  connector  and  a 
crank.  This  apparatus  has  been  already  described  in 
(311.)  Every  steam-engine  which  works  by  a  beam 
afibrds  an  example  of  this.  The  working  beam  is  gen- 
erally placed  over  the  engine,  the  piston  rod  being  at- 
tached to  one  end  of  it,  while  the  connecting  rod  unites 
the  other  end  with  the  crank.  In  boat-engines,  however, 
this  position  would  be  inconvenient,  requiring  more 
voomthan  could  easily  be  spared.    The  piston  red,  in 


and  Uitw  the  eloiig>tion  of  the  pendulum  dowwarda 
win  be  compenuted.  The  compensation  maj  be  adjust- 
ed bj  varying  the  distance  of  the  points  of  snpport  btmt 
the  middle  of  the  bar. 

Bach  was  one  of  the  modea  of  coinpenaation  proposed 
by  Nicholson.  Others  of  the  same  description  (that  k, 
witi)  corapounil  bars)  have  been  brought  before  the 
public  bj  Mr.  Thomaa  Doughty  and  Mr.  Darid  Ritchie; 
but  as  they  are  supposed  to  be  liable  to  many  pnctical 
objections,  we  do  not  think  it  requisite  to  describe  them 
loore  particularly. 

There  is,  however,  a  mode  of  compensation  by  meaai 
of  a  compound  bar,  described  by  M.  Biot  in  the  first 
volume  of  his  Trait^  de  Physique,  which  ^^ais  to  po*- 
sesa  considerable  merit,  of  which  he  mentions  baring 
first  witnessed  the  succeeaful  employment  by  the  inren' 
tor,  a  clockmaker  named  Martin.  At  Jig.  231.,  S  C,  is 
the  rod  of  the  pendulum,  made,  in  the  usual  manner, 
of  iron  or  steel ;  this  rod  passes  through  the  middle  of  a 
compound  bar  of  brass  and  steel  (the  brass  being  nndsT' 
I.  which  should  be  furnished  with  a  short  tube  and 
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There  are  three  methods  of  adjiutingf  thie  compel 
tian:  thefirstyby  increaong  or  diminiahing  the  weighta 
W  and  W ;  the  aecond,  by  varying  the  distance  of  the 
weights  W  and  W  from  the  middle  of  the  bar ;  and  the 
third,  by  varying  the  distance  of  the  bar  from  the  bob 
of  the  pendulmn,  taking  care  not  to  pass  the  middle  of 
the  rod.  The  effect  of  the  compensation  is  greater  as 
the  weights  W  and  W  are  greater  or  more  distant  from 
tiM  centre  of  the  bar,  and  also  as  the  bar  is  nearer  to 
the  bob  of  the  pendulom. 

M.  Biot  says  that  he  and  M.  Matthieu  employed  a 
p^dulom  of  this  kind  for  a  long  time  in  making  astro- 
nomical observations,  in  which  they  were  desirous  of 
aitiining  an  extreme  degree  of  precision,  and  that  they 
fimnd  its  imte  to  be  alwajrs  perfectly  regular. 

In  all  the  pendulums  which  we  have  described,  the 
bob  is  supposed  to  be  fixed  to  the  rod  by  a  pin  passing 
through  its  centre,  and  the  adjustment  for  time  is  to 
be  made  by  means  of  a  small  weight  sliding  upon 
the  rod. 

Of  the  Mtrcuritd  Pendulum. 

We^ve  been  guided,  in  our  arrangement  of  the 
pendulums  which  we  have  described,  hy  the  similarity 
in  the  mode  of  compensation  employed ;  and  we  have 
now  to  treat  of  that  method  of  compensation  which  is 
eflbcted  by  the  expansion  of  the  material  of  which  the 
bob  itself  of  the  pendulum  is  composed. 

On  this  subject,  as  we  have  before  observed,  an  ad- 
nusable  paper,  from  the  pen  of  Mr.  Francis  Baily,  may 
be  found  in  the  Memoirs  of  the  Astronomical  Society 
of  London,  which  leaves  nothing  to  be  desired  by  the 
anthematical  reader.  But  as  our  object  is  to  simplify, 
and  to  render  our  subjects  as  popular  as  may  be,  we 
gadeafoorto  robstitiite  finr  the  petfo^  %&^nsms<i 
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wtueh  Mr.  Bulf**  paper  presents,  such  hileB  aa  m^-ba 
fbnnd  not  ODly  readily  intelligible,  but  practicBUj  appU- 
cable,  witfain  the  limits  of  those  inevitable  erron  which 
arise  from  a  irant  of  Iniowledge  of  the  exact  expansion 
of  the  materiala  emplofed. 

At  Jig.  ^aSL,  let  a  B  reineseiit  the  rod  of  a  pendu- 
lum, and  F  C  B  a  metallic  tube  or  cylinder,  supported  bj 
a  nut  at  the  extremity  of  the  pendulum  rod,  in  the 
osusl  manner,  and  having  a  greater  expanaibili^  than 
that  of  the  rod.  Now  C,  the  centre  of  gravity,  anp' 
poaing;  the  rod  to  bs  without  weight,  will  be  in  the  mid' 
die  of  the  cylinder ;  and  if  C  B,  or  half  the  cylinder, 
be  of  Buch  a  length  aa  to  expand  upwards  as  nnch  aa 
the  pendulum  rod  S  B  expands  downwards,  it  is  evident 
that  the  centre  of  gravity  C  will  remain,  under  any 
change  of  temperature,  at  the  same  distance  from  the 
point  of  suspension  9.  M  Blot  imagined  that,  in  effbct- 
ing  this,  a  compensation  sufficiently  accurate  would  be 
obtuned ;  but  Mr.  Baily  has  shown  that  this  is  by  do 
ii  the  l^t. 

iilacc  of  tlie  centre  of  oacillittiQn 
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pendohmi  in  winch  the  distance  of  the  centre  of  levity 
fron  the  point  of  suspension  is  39  inches :  the  centre  of 
oeciUation  in  such  a  pendulum  will  be  nearly  one  tenth 
of  an  inch  below  the  centre  of  gravity.  Now  let  us 
imagine  cylindrical  portions  of  equal  lengths  to  be  add- 
ed to  each  end  of  the  cylinder,  until  it  reaches  the  point 
of  soapension ;  we  shall  then  have  a  cylinder  of  78 
inches  in  length,  the  centre  of  gravity  of  which  will 
■tiU  be  at  the  distace  of  39  inches  from  the  point  of  sus- 
pennon.  But  it  is  well  known  that  the  centre  of  oscil- 
lation of  such  a  cylinder  is  at  the  distance  of  about  two 
thirds  of  its  length  from  the  point  of  suspension.  The 
centre  of  oscillation,  therefore,  has  been  removed,  by ' 
the  elongation  of  the  cylinder,  about  13  inches  below 
the  centre  of  gravity,  whilst  the  centre  of  gravity  has 
xemained  stationary. 

Now  the  same  thing  as  that  which  we  have  just  de- 
scribed takes  place,  though  in  a  very  minor  degree, 
with  our  former  cylinder,  employed  as  a  compensating 
bob  to  a  pendulum.  The  rod  expands  downwards,  the 
centre  of  gravity  remains  at  the  same  distance  from  the 
point  of  suspension,  and  the  cylinder  elongates  both 
■bove  and  below  this  point ;  the  consequence  of  which 
is,  that  though  the  centre  of  gravity  has  remained  sta- 
tionary, the  distance  of  the  centre  of  osciUation  from 
the  point  of  suspension  has  increased.  It  is,  therefore, 
evident  that  the  length  of  the  compensation  must  be 
Boch  as  to  carry  the  centre  of  gravity  a  little  nearer  to 
the  point  of  suspension  than  it  was  before  the  expansion 
took  place ;  by  which  means  the  centre  of  oscillation 
will  be  restored  to  its  former  distance  from  the  point  of 
flospension. 

Let  us  suppose  the  expansions  to  have  taken  place, 
and  that  the  centre  of  gravity,  remaining  at  the  same 
idialuioe  £rom  tho  point  of  suspenuon,  the  c«xdaift  ^ 
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oscillation  ii  removed  to  a  greater  distance,  ■•  we  htfte 
before  explained.  It  is  well  known  that  the  product 
obtained  by  multiplying  the  dietance  from  the  point  of 
■uapension  to  the  centre  of  gravity,  by  the  diiitaDee 
from  the  centre  of  gravity  to  the  centre  of  oscillation,  ia 
B  constant  qupjitity  ;  if,  therefore,  the  distance  from  the 
centra  of  gravity  to  tlie  point  of  Buspensionbe  lessened 
die  distance  from  the  centre  of  gravity  to  the  cantra  t( 
oscillation  will  be  proportionally,  though  not  eqntll;, 
increased,  and  the  centre  of  oBcillation  will,  thetefoe, 
be  elevated.  We  see,  tlien,  if  we  elevate  the  centra  of 
gravity  precisely  the  requisite  quantity,  by  emj^i^ing  i 
sufficient  length  of  the  compenBatdng  mateiial,  th»t 
although  the  distance  from  the  centre  of  gravity  to  the 
point  of  suspension  is  lessened,  yet  the  distance  fnun 
the  point  of  suspension  to  the  centre  of  oacillatioQ  will 
anffar  no  change. 

The  following  rule  for  finding  the  length  of  the  cmd- 
pensating  material  in  a  pendulum  of  the  kind  we  hue 
been  considering  will  be  found  sufficiently  accniate  tx 
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generally  known,  and  it  is  not  surprising  that  it  shonld  be 
coDsideied  as  preferable  to  others,  both  from  the  sim- 
I^ity  of  its  construction,  and  the  perfect  ease  with 
which  the  compensation  may  be  adjusted. 

We  have  already  alluded  to  Mr.  Baily's  very  able  pa- 
per on  this  pendulum,  and  we  shall  take  the  liberty  of 
extracting  from  it  the  following  description : — 

At  fig.  223.  is  a  drawing  of  the  mercurial  pendulum, 
as  constructed  in  the  manner  proposed  by  Mr.  Baily. 

**  The  rod  S  P  is  made  of  steel,  and  perfectly  straight^ 
its  form  may  be  either  cylindrical,  of  about  a  quarter  of 
an  inch  in  diameter,  or  a  flat  bar,  three  eighths  of  an 
inch  wide,  and  one  eighth  of  an  inch  thick :  its  length 
fiom  S  to  F,  that  is,  from  the  bottom  of  the  spring  to  the 
bottom  of  the  rod  at  F,  should  be  34  inches.  The  lower 
part  of  this  rod,  which  passes  through  the  top  of  the 
stiirup,  and  about  half  an  inch  above  and  below  the 
same,  must  be  formed  into  a  cocarae  and  deep  screw, 
about  two  tenths  of  an  inch  in  diameter,  and  having 
about  thirty  turns  in  an  inch.  A  steel  nut  with  a  milled 
head  must  be  placed  at  the  end  of  the  rod,  in  order  to 
support  the  stirrup;  and  a  similar  nut  must  also  be 
placed  on  the  rod  abiyoe  the  head  of  the  stirrup,  in  order 
to  screw  firmly  down  on  tlie  same,  and  thus  secure  it  in 
ks  position,  aller  it  has  been  adjusted  nearly  to  the 
required  rate.  These  nuts  are  represented  at  B  and  C. 
A  small  slit  is  cut  in  the  rod,  where  it  passes  through 
the  head  of  the  stirrup,  through  which  a  steel  pin  E  is 
screwed,  in  order  to  keep  the  stirrup  from  turning  round 
on  the  rod.  The  stirrup  itself  is  also  made  of  steel, 
and  the  side  pieces  should  be  of  the  same  form  as  the 
rod,  in  order  that  they  may  readily  acquire  the  same 
temperature.  The  top  of  the  stirrup  consists  of  a  flat 
piece  of  steel,  shaped  as  in  the  drawing,  somewhat  more 
than  three  eighths  of  an  inch  thick.    Through  iVv^  tsbA* 
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Ho  of  the  top  (irtiicb  at  thi*  put  u  about  one  inch  deap) 
s  hdD  must  be  drilled  infficiently  Uige  to  enable  the 
screw  of  the  rod  to  pus  fiedy,  but  without  Aakuig, 
The  inside  height  of  the  atirmp  from  A  to  D  maj  be 
81  inches,  and  the  inside-  width  between  the  ban  aboat 
three  iochet.  The  bottom  piece  should  be  about  three 
eightha  of  an  inch  thick,  and  hoUowed  ottt  netriy  t 
quarter  of  an  inch  deep,  to  as  to  admit  the  glao  cjlio- 
der  freeljr.  This  glass  cflioder  should  have  a  hrasi  cr 
iron  corer  O,  which  should  fit  the  mouth  of  it  treelf, 
with  a  shoulder  prqecting  on  each  side,  bj  means  of 
which  it  should  be  screwed  to  the  aide  bars  of  tfas  ftirnnv 
and  thus  be  secured  always  in  the  same  poaitioD.  Thii 
cap  should  not^vrcM  on  the  glass  cylinder,  ao  aa  to  pn- 
Tont  its  expansion.  The  measures  above  gireii  nuy 
leqiure  a  shght  modification,  according  to  the  weight  of 
tiie  mercury  employed,  and  the  magnitude  of  the  cylhi- 
der:  the  final  adjuatment,  however,  may  be  aaftty  hft 
to  the  artist  Stxne  persons  have  recommended  thati 
circular  piece  of  thick  plate  glass  should  float  on  dM 
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br  FKicTidfr  and  thb  rioiditt  of  coroagx. 

(890.)  With  a  view  to  the  simi^cation  of  the  ele-* 

teentavy  theory  of  mu^bines,  the  cooedderatioii  of  several 

mechanical  eflfects  bf  great  practical  importance  has  been 

poa^poned,  and  the  attention  of  the  student  has  been 

dbected  Bkclutively  to  the  way  in  which  the  moving^ 

pOW«p  ia  modified  in  being  transmitted  to  the  resistance 

tbdependently  of  such  effects.     A  machine  has  been 

Mgarded  as  an  instrument  by  which  a  moving  principle^ 

iaaj^icable  in  its  existing  state  to  the  purpose  for  which 

il  if  lequired,  may  be  changed  either  in  its  velocity  or 

diveetkm,  or  in  some  other  character,  so  as  to  be  adapted 

t»  that  pnrixiee.    Bnt  in  accomplishing  this,  the  several 

paitm  of  the  machine  have  been  considered  as  possess* 

ia^  IBA  perfect  degree  qualities  which  they  enjoy  only  in 

an  iniperfect  degree ;  and  accordingly  the  conclusiona 

to  which  by  such  reasoning  we  are  conducted  are  infect?^ 

oi  with^eaors,  the  amount  of  which  will  depend  on 

ttie  degree  in  which  the  macliinery  falls  short  of  per- 

Atction  in  thoee  qualities  which  theoretically  are  imputed 

to  it. 

^Of  the  several  parts  of  a  machine,  some  are  designed 
to  move,  while  others  are  fixed ;  and  of  those  which 
move,  some  have  motions  differing  in  quantity  and  direc- 
iion  fix>m  those  of  others.  The  several  parts,  whether 
Jbced  or  movable^  are  subject  to  various  strains  and  pres^ 
ararea,  which  they  are  intended  to  resist.  These  forcea 
sot  only  vary  according  to  the  load  which  the  machine 
Vs  to  overcome,  but  also  according  to  t^e  peculiar  form 
ttid  structure  of  the  machine  itself.  During  the  opera^ 
Ibli  the  auifaces  of  the  movable  p^rts  movQ  in  immedia;^ 

r3 
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contact  with  the  inrfacea  cither  of  fixed  puts  or  of  puts 
liaving  oOiPT  motions.  If  these  aurfacea  were  endoed 
with  perfect  Finoothncss  or  poliah,  and  the  several  ptrtl 
Hiibji-i't  ti>  iitrain?  possessed  perfect  inflexibUi^  uid  in- 
finite Btrcngtli,  tlicn  the  effects  of  machinery  might  be 
pnctictlly  invcBti|rBtcd  by  the  principles  aJreadj  ei- 
pliin^d.  But  the  innteriols  of  nhich  every  mflcMne  ii 
formed  are  endued  with  limited  strengtli,  and  therefore 
the  load  which  is  placed  upon  it  mii9t  bo  restricted  ac- 
cordingly, else  it  will  be  liable  to  be  distoTted  by  Hib 
flexure,  or  even  to  be  destroyed  by  the  fracture  of  thoM 
pans  which  are  Bubnutlud  to  an  undue  strain.  The  snr- 
fkces  of  the  movable  part»,  nnd  those  surfaces  with  which 
they  move  in  contact,  cannot  in  practice  be  rendered  aa 
emooth  but  that  such  roughneas  and  inequality  will  le- 
naain  ns  sensibly  to  impede  tlie  motion.  To  overcome 
such  an  impedimoni  requires  no  inconsiderable  part  of 
the  moving  power.  Tliis  piiri  is,  therefore,  intercepted 
before  its  arriviil  at  the  wciriiing-  point,  and  the  resiatuice 
to  be  finally  overcome  is  deprived  of  it  The  propertj 
thill-  depending  on  the  imperfect  smoothness  of  Burftces, 


•od  the  farce  which  is  expended  in  pirodacing  the  neces- 
sary flexure  must  be  derived  from  the  moving  power, 
and  ia  thus  intercepted  on  its  way  to  the  working  point. 
In  calculating  the  effects  of  cordage,  due  regard  must  be 
had  to  this  waste  of  power ;  and  therefore  it  is  necessary 
to  iaqoire  into  the  laws  which  govern  the  flexure  of 
in^erlbctly  flexible  ropes,  and  the  way  in  which  these 
affect  the  machines  in  which  ropes  are  commonly  used. 

To  complete,  therefore,  the  elementary  theory  of  map 
ehinezy,  we  propose  in  the  present  and  following  chapter 
to  explain  the  principal  laws  which  determine  the  effects 
of  fiictjon,  the  rigidity  of  cordage,  and  the  strength  of 
iQBtefialfl. 

(321.)  If  a  horizontal  plane  surface  were  perfectly 
amooth,  and  fi«e  from  the  smallest  inequalities,  and  a 
body  having  a  flat  surface  also  perfectly  smooth  were 
placed  npon  it,  any  force  ^>plied  to  the  latter  would  put 
It  ia  motion,  and  that  motion  would  continue  undiminished 
a0t.lHDg  as  the  body  would  remain  upon  the  smooth 
homontal  surface.  But  if  this  surface,  instead  of  being 
«rery  where  perfectly  even,  had  in  particular  places 
miall  projecting  eminences,  a  certain  quantity  of  force 
would  be  necessary  to  carry  the  moving  body  over 
tkese,  and  a  proportional  diminution  in  its  rate  of  motion 
would  ensue.  Thus,  if  such  eminences  were  of  fre* 
^nent  occunrence,  each  would  deprive  the  body  of  a 
fmxt  of  its  f^ed,  so  that  between  that  and  the  next  it 
wcnM  move  with  a  less  velocity  than  it  had  between  the 
imme  and  the  preceding  one.  This  decrease  being  c(m- 
timied  by  a  sufficient  number  of  such  eminences  encoun* 
tering  the  body  in  succession,  the  velocity  would  at  last 
}^  BQ  much  diminished  that  the  body  would  not  have 
■uffic^ent  force  to  carry  it  over  the  next  eminence,  and 
jtH  motion  would  thus  altogether  cease. 
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Nov,  iiHteid  of  the  cmmencei  beinf  at  k  ' 
ble  distance  uiinder,  suppose  them  to  be  contigDoa^ 
end  to  be  sprend  in  every  direction  ovet  the  hoiizontil 
plue,  and  aitn  suppose  coiTcaponding  Gnunences lobe 
upon  tlie  surface  of  tlie  moving  bodf ;  these  projee- 
tionB  incesHontJj  encountering  one  another  will  contiiiii- 
allj  obstruct  the  motion  of  the  bodj,  and  will  gimdnillj 
diminisb  its  Telocity,  until  it  be  raducsd  to  a  atata  cf 

Such  is  the  cause  of  fKction,  The  afnoimt  of  tlni 
resiatinv  force  increasea  with  the  magnitude  of  tbeM 
■■peiitiea,  or  with  the  roiighnesa  of  the  aur&cea;  bntk 
does  not  aolely  depend  on  this.  Tlie  aurfacea  rpmainiDg 
the  same,  a  little  reflection  on  the  method  of  illntri' 
tion  just  adopted,  wtU  show  that  the  amount  of  fnetios 
ought  alao  to  depend  upon  the  force  with  which  the  aor- 
bcea  moving  one  upon  the  other  are  pressed  togedwr. 
It  is  evident,  that  aa  the  weight  of  the  body  suppoaed  ta 
move  upon  the  horizontal  plane  is  incteaaed,  a  pRlpo^ 
tianaUy  greater  force  will  be  necesaai;  to  carry  it  ma 
the  obstacles  which  it  enrouitten,  naU  therefore  it  wiD 
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provided  the  nature  of  the  surfaces  and  the  amount  of 
pressure  remain  the  same,  this  resistance  will  be  equal, 
whether  the  surfaces  which  move  one  upon  the  other  be 
great  or  small.  Thus,  if  the  moving  body  be  a  flat 
block  of  wood,  the  face  of  which  is  equal  to  a  square 
ibot  in  magnitude,  and  the  edge  of  which  docs  not  ex- 
ceed a  square  inch,  it  will  be  subject  to  tlie  same 
amount  of  friction,  whether  it  move  upon  its  broad  face 
or  upon  its  narrow  edge.  If  we  consider  the  effect  of 
the  pressure  in  each  case,  we  shall  be  able  to  perceive 
why  this  must  be  the  case.  Let  us  suppose  the  weight 
of  the  block  to  be  144  ounces.  When  it  rcst»  upon  its 
ftice,  a  pressure  to  this  amount  acts  upon  a  surface  of 
144  square  inches,  so  that  a  pressure  of  one  ounce  acts 
upon  each  square  inch.  The  total  resistance  arising 
from  friction  will,  therefore,  be  144  times  that  resistance 
which  would  be  produced  by  a  surfaco  of  one  square 
inch  under  a  pressure  of  one  ounce.  Now,  suppose  the 
block  placed  upon  its  edge,  there  is  then  a  pressure  of 
144  ounces  upon  a  surface  equal  to  one  square  inch. 
But  it  has  been  already  shown,  that  when  the  surface  is 
the  same,  the  friction  must  increase  in  proportion  to  the 
pressure.  Hence  we  infer  that  the  friction  produced  in 
the  present  case  is  144  times  the  friction  which  would 
be  produced  by  a  pressure  of  one  ounce  acting  on  one 
square  inch  of  surface,  which  is  the  same  resistance  as 
that  which  the  body  was  proved  to  be  subject  to  when 
resting  on  its  face. 

These  two  laws,  that  friction  ia  independent  of  the 
magnitude  of  the  surface,  and  is  proportional  to  the 
pressure  when  the  quality  of  the  surfaces  is  the  same, 
are  useful  in  practice,  and  generally  true.  In  very  ex- 
treme cases  they  are,  however,  in  error.  When  the 
pressure  is  very  intense,  in  proportion  to  the  surface, 
the  friction  is  somewhat  lets  than  it  would  be  by  these 
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long,  puses  &esly,  and  resla  apon  the  nut  at  the  bottom 
of  the  pendulum  rod. 

Over  the  zinc  cylinder  passee  a  tube  iDi.de  of  sheet- 
iron.  The  edge  of  this  tube  at  the  top  is  turned  in- 
varde,  and  is  notched  eo  as  to  allow  of  this  being 
effected.  A  flanche  is  thus  formed,  by  which  the  iron 
tube  is  supported,  upon  the  zinc  cylinder.  The  lower 
edge  of  the  iron  tube  is  turned  outvarda,  so  as  tofona 
a  base  destined  to  support  a  leaden  cylinder,  which  we 
are  about  to  describe. 

A  cylinder  of  lea'J,  rather  more  than  12  inchea  long, 
is  cast  with  a  hole  through  its  axis,  of  such  a  diameter  as 
to  allow  of  its  sliding  freely,  but  without  shake,  upon  the 
iron  tube  over  which  it  passes,  and  by  the  lower  extremi- 
ty of  which  it  is  supported. 

Now  the  zinc,  resting  upon  the  nut  and  expanding 
upwards,  wiU  raise  the  whole  of  the  remaining  part  of 
the  compousation.  Tliis  expansion  upwards  will  be 
slightly  counteracted  by  the  leaser  expansion  downwards 
of  the  iron  tube,  which  carries  with  it  the  leaden  cylin- 
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screw  between  the  end  of  the  glass  rod  and  the  nut  half 
Idi  inch,  making  in  the  whole  two  inches  of  steel  and 
48  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
the  gltLss,  we  have,  from  Table  II.,  for  glass  and  zinc 
-fiffTSf  which,  multiplied  bj  43^  gives  11*99  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  steel  0-74  of  zinc,  which,  added  to  11-93,  gives  12H36 
inches  for  the  total  length  of  the  zinc  cylinder. 

Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 
we  have  described,  the  compensation  will  be  perfect 
-  To  prove  this,  find,  by  means  of  the  expansions  given 
in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 
stances employed  in  the  pendulum,  and  we  shall  have 
the  following  results :  — 

The  expansion  of  12*66  inches  of  zinc  ex- 
panding upwards  is -0002186 

Deduct  that  of  12-66  inches  of  iron  expand- 
ing downwards *0000869 

Remaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 
tube -0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
six  inches  of  lead,  the  expansion  of  which 
upwards  is "0000955 

Total  expansion  of  tlie  compensation  up- 
wards        -0002272 
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elevation  ii  neceesary  to  overcome  the  fiictioQ ;  nor  will 
this  elevation  suffer  any  change,  however  the  pressure 
or  the  magnitude  of  the  suifaces  which  move  in  cooticl 
nay  be  varied. 

Since,  thercrore,  in  ail  these  cases,  the  height  AE 
and  the  base  B  E  reraaiu  the  same,  it  follows  that  the 
proportion  hetween  the  friction  and  pressure  is  undia- 
torbed. 

(334.)  The  iaw  that  friction  is  proportional  to  the 
pressure,  lias  been  questioned  by  the  late  proleswic 
Vince  of  Cambridge,  who  deduced  from  a  aeoea  of 
experiments,  that  although  the  frictioa  increases  nith 
the  pressure,  yet  that  it  increases  in  a  somewhat  lees 
ratio  i  and  from  this  it  would  follow,  that  tiie  v: 
the  aarfacc  of  contact  must  produce  some  effect  upon 
the  amount  of  friction.  The  law  as  we  have  explained 
it,  however,  ia  suSiciently  near  the  truth  for  most  prtcli- 
ca]  purposes. 

(325.)  There  arc  several  circumstanceH  regarding  ihf 
quahly  of  ihc  surfaces  which  produce  JmportAnl  effecU 
on  ihe  quantity  of  fricticpn,  and  which  ought  to  be  xt 
ticed  here. 
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certain  time,  because  that  process  has  a  tendency  to 
remove  and  rub  off  those  minute  asperities  and  projec- 
tions on  which  the  friction  depends.  But  tiiis  has  a  limit, 
and  after  a  certain  quantity  of  attrition  the  friction 
ceases  to  decrease.  Newly  planed  surfaces  of  wood 
have  at  first  a  degree  of  friction  which  is  equal  to  half 
the  entire  pressure,  but  after  they  are  worn  by  attrition 
It  is  reduced  to  a  third. 

If  the  surfaces  in  contact  be  placed  with  their  grains 
in  the  same  direction,  the  friction  will  be  greater  than  if 
the  grains  cross  each  other. 

Smearing  the  surfaces  with  unctuous  matter  diminish- 
efl  the  friction,  probably  by  filling  the  cavities  between 
the  minute  projections  which  produce  the  friction. 

When  the  surfaces  are    first  placed  in  contact,  the 
ftiction  is  less  than  when  they  are  suffered  to  rest  so  for 
Mxme  time ;  this  is  proved  by  observing  the  force  which 
in  each  case  is  necessary  to  move  the  one   upon  the 
other,  that  force  being  less  if  applied  at  the  first  moment 
of  contact    than   when   the    contact   has    continued. 
This,  however,  has  a  limit.      There  is  a  certain  time, 
different  in  different  substances,  within  which  this  re- 
sistance  attains  its  greatest  amount      In  surfaces   of 
wood  this  takes  place  in  about  two  minutes ;  in  metals; 
the  time  is  imperceptibly  short ;  and  when  a  surface  of 
wood  is  placed  upon  a  surface  of  metal,  it  continues  toi 
increase  for  several  days.    The  limit  i4  larger  when  the< 
surfaces  are  great,  and  belong  to  substances  of  different, 
kinds. 

The  velocity  with  which  the  surfaces  move  upon  one? 
another  produces  but  little  effect  upon  the  friction. 

(326.)  There  are  several  ways  in  which  bodies  may 
move  one  upon  the  other,  in  which  friction  will  produce, 
different  effects.  The  principal  of  these  are,  first,  th(» 
case  where  one  body  slieUs  over  another ;  the  second^ 
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whera  a  body  having  a.  round  fonn  nBt  upon  asadieT; 
and,  Hardly,  where  ui  axis  revolves  vithia  a  holld* 
cjlinder,  or  the  hoUow  cylinder  revolvea  U]>on  tlie  s-tis. 
With  tJie  sB.me  amount  of  pressure  anrl  a  like  quolilj 
of  mir&ce,  the  quantity  of  friction  ia  greatest  in  the  first 
CBM  tnd  least  in  the  aeconiJ.  The  friction  in  the  sec- 
ond cue  also  depends  on  the  liiometer  of  the  body 
which  rolls,  and  la  smiLll  in  proportion  as  that  dinineter 
ia  great.  Thus  a  carriage  with  large  wheels  ii  less  im- 
peded by  the  friction  of  the  road  than  one  with  nmli 

In  the  third  case,  the  leverage  of  the  wheel  aida  ttie 
power  in  overcoming  tlie  friction.  Let^.  176.  reine- 
■ent  a  section  of  the  wheel  and  axle  ;  let  C  be  the  cen- 
tre of  the  axle,  and  let  B  B  be  the  hollow  cylinder  io  the 
nave  of  the  wheel  in  which  the  axle  is  inserted.  If  B 
be  the  part  on  which  the  axle  presses,  and  the  whed 
tum  in  the  direction  N  D  M,  the  friction  will  act  at  B  in 
the  direction  B  F,  and  witii  the  leverage  BC.  The 
power  acts  against  this  at  D  in  the  direction  D  A,  and 
with iJie  leverage  DC.     It  is  therefore  evident,  that  m 
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bh^t  iQ  which  thero  is  the  least  qnantily  of  fHction. 
Thus  lar^e  blocks  of  stone,  or  heavy  beams  of  timber, 
which  would  require  an  enormous  power  to  move  them 
on  a  level  road,  are  easily  advanced  when  rollers  are  put 
under  them. 

When  very  heavy  weights  are  to  be  moved  through 
small  spaces,  this  method  is  used  with  advantage ;  but 
when  loads  are  to  be  transported  to  considerable  dirtan- 
ces,  the  process  is  inconvenient  and  slow,  owing  to  the 
necessity  of  continually  replacing  the  rollers  in  front  of 
the  load  as  they  are  left  behind  by  its  progressive  ad- 
irancement 

The  wheels  of  carriages  may  be  regarded  as  rollers 
which  are  continually  carried  forward  with  the  load. 
In  addition  to  the  friction  of  the  rolling  motion  on  iSbe 
road,  they  have,  it  is  true,  the  friction  of  the  axle  in 
the  nave ;  but,  on  the  other  hand,  they  are  free  from  the 
fiiction  of  the  rollers  with  the  under  surface  of  the  load, 
or  the  carriage  in  which  the  load  is  transported.  The 
advantages  of  wheel  carriages  in  diminishing  the  effects 
of  friction  is  sometimes  attributed  to  the  slowness  with 
which  that  axle  moves  within  the  box,  compared  with 
the  rate  at  which  the  wheel  moves  over  the  road ;  but 
this  is  erroneous.  The  quantity  of  friction  does  not  in 
any  case  vary  considerably  with  the  velocity  of  the  mo- 
tion, but  least  of  all  does  it  in  that  particular  kind  of 
motion  here  considered. 

In  certain  cases,  where  it  is  of  great  importance  to 
remove  the  effects  of  friction,  a  contrivance  called  fiiC' 
ium'wheelsj  or  friction  rollers,  is  used.  The  axle  of  a 
friction-wheel,  instead  of  revolving  within  a  hollow 
cylinder,  which  is  fixed,  rests  upon  the  edges  of  wheels 
which  revolve  with  it ;  the  species  of  motion  thus  be- 
cosMS  that  ia  which  the  friction  is  of  least  amount 
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Let  A  B  and  D  C,  ^.  176t  be  two  wheels  Terohriiig 
on  pivota  P  Q  with  as  little  fnction  aa  pomible,  and  h 
placed  that  the  axle  O  of  a  third  wheel  £  F  may  lOt 
between  their  edges.  Ab  the  wheel  E  P  rerolvea,  the 
axle  O,  instead  of  grinding  its  surface  on  the  aurlace  eo 
which  it  presses,  carries  that  surface  with  it,  caoaiiig  the 
wlieela  A  B,  C  I>,  to  revolve. 

li\  wlwel  perrin^ep,  the  Tw\glinesB  of  the  mad  is  men 
easily  overcome  hj  lara^e  wheels  than  by  small  ones. 
The  cause  of  this  arises  partly  from  the  large  wheeb 
not  being  bo  liable  to  sink  into  holes  as  small  on^s,  bat 
more  because,  in  surmounting  obstacles,  the  load  a  ele- 
vated less  abruptly.  This  will  be  easily  understood  bj 
observing  the  curves  in^.  ISO.,  which  repres^it  Ae 
elevation  of  the  axle  in  each  case, 

(328.)  If  a  carriage  were  capable  of  moving  "on  a  rtad 
witiiout  friction,  the  most  advanlageoua  direction  in  whitt 
a  force  could  be  applied  to  draw  it  would  he  parallel  to 
the  road.  When  the  motion  is  impeded  by  friction,itiJ 
better,  howeCer,  that  the  line  of  draught  should  be  in- 
clined to  the  rond,  bo  that  the  drawing  force  may  beei- 
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that  a  part  of  the  force  of  draught  is  lost  by  this  obliqui- 
ty ;  but,  on  the  other  hand,  a  part  of  the  opposing  re- 
fistance  is  also  removed.  If  the  latter  exceed  the  form- 
itor,  an  advantage  will  be  gained  by  the  obliquity ;  but  if 
the  former  exceed  the  latter,  force  will  be  lost 

By  mathematical  reasoning,  founded  on  these  considera- 
tions, it  is  proved  that  the  best  angle  of  draught  is 
exactly  that  obliquity  which  should  be  given  to  the  road 
in  order  to  enable  the  carriage  to  move  of  itself.  This 
obliquity  is  sometimes  called  the  omglt  of  rtpost,  and  is 
that  angle  which  determines  the  proportion  of  the  fric- 
tion to  the  pressure  in  the  second  method  explained  in 
(323.)  The  more  rough  the  road  is,  the  greater  will 
this  angle  be ;  and  therefore  it  follows,  that  on  bad 
roads  the  obliquity  of  the  traces  to  the  road  should  be 
greater  than  on  good  ones.  On  a  smooth  Macadamized 
way  a  very  slight  declivity  would  cause  a  carriage  to 
ToU  by  its  own  weight :  hence,  in  this  case,  the  traces 
should  be  nearly  parallel  to  the  road. 

In  rail  roads,  for  like  reasons,  the  line  of  draught 
should  be  parallel  to  the  road,  or  nearly  so. 

(329.)  When  ropes  or  cords  form  a  part  of  machinery, 
the  effects  of  their  imperfect  flexibility  are  in  a  certain 
degree  counteracted  by  bending  them  over  the  grooves 
of  wheels.  But  although  this  so  far  diminishes  these 
effects  as  to  render  ropes  practically  useful,  yet  still,  in 
calculating  the  powers  of  machinery,  it  is  necessary  to 
take  into  account  some  consequences  of  the  rigidity 
lof  cordage,  which  even  by  these  means  are  not  re- 
moved. 

To  explain  the  way  in  which  the  stiffiiess  of  a  rope 
modifies  the  operation  of  a  machine,  we  shall  suppose  it 
bent  over  a  wheel  and  stretched  by  weights  A  B,  fig, 
182.,  at  its  extremities.  The  weights  A  and  B  being 
eqnalf  and  acting  atC  and  D  in  oppoirite  ways,  balance 
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upon  further  tr'iel,  as  Bufficient  experimeDta  wvn  not 
made  at  the  time  to  authorize  s.  decisive  concluaion. 

We  have  thus  completed  our  account  of  compensation 
pendulums  ;  but  before  we  conclude,  it  may  not  be  Tuai- 
ceptable  if  we  offer  a  few  remarks  on  some  points  vhich 
may  be  found  of  practical  utility. 

The  cock  of  tlie  pendulum  should  be  firmly  fiieJ 
either  to  the  wall  or  to  the  case  of  the  clock,  and  not  to 
the  clock  itself,  as  is  sometimes  done,  and  which  hu 
occasioned  much  irregularity  in  its  rate,  liom  the  mo- 
tion communicated  to  the  point  of  suspension.  We 
prefer  a  bracket  or  shelf  of  caat  iron  or  brass,  nptm 
which  the  clock  may  be  fixed,  and  the  cock  canying  the 
pendulum  attached  to  its  perpendicular  back.  This 
bracket  may  eitherbe  screwed  to  the  back  of  the  clock- 
case,  or,  which  is  the  better  mode,  sscurely  fixed  lo  the 
wall ;  and  if  the  latter  be  adopted,  the  whole  miy  be 
defeudei]  from  the  atmosphere,  or  from  diut,  by  the 
clock-case,  which  thus  lias  no  connection  either  with 
the  clock  ur  with  the  pendulum. 

The  point  of  suspension  should  be  distinctly  defined 
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firmly  'fixed  to  the  rod,  if  the  fbnn  oi  the  pendolmn 
win  admit  i^  it,  by  a  pin  or  screw  paasing  through  its 
centre. 

The  more  delicate  adjustment  may  be  completed  by 
shifting  the  place  of  the  slider  with  which  the  pendolom 
is  pa|qx»ed  to  be  famished  on  the  rod. 

Mr.  Brotrae  (i^  whom  we  have  before  epoken)  prac- 
tises the  following  very  delicate  mode  of  adjustment  for 
rate,  which  will  be  found  extremely  covenient,  as  it  is 
not  necessary  to  stop  the  pendnlum  in  order  to  make  the 
required  alteration.  Having  ascertained,  by  experiment, 
the  effect  produced  on  the  rate  of  the  clock,  by  placing 
a  weight  upon  the  bob  equal  to  agrlven  number  of  grains, 
he  prepares  certain  smaller  weights  of  sheet-lead, 
which  are  turned  up  at  the  comers,  that  they  may  be 
conveniently  laid  hold  of  by  a  pair  of  forceps,  and  the 
effect  of  these  small  weights  on  the  rate  of  the  clock 
will  be,  of  course,  known  by  proportion.  The  rate  being 
supposed  to  be  in  defect,  the  weights  necessary  to  cor- 
rect this  may  be  deposited,  without  difficulty,  upon  the 
bob  of  the  pendulum,  or  upon  some  convenient  plane 
surface,  placed  in  order  to  receive  them :  and  should  it 
be  necessary  to  remove  any  one  of  the  weights,  this  may 
readily  be  done  by  employing  a  delicate  pair  of  forceps, 
without  producing  the  slightest  disturbance  in  the  mo« 
tion  of  the  pendulum. 
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upon  fiutlier  trial,  oa  mfiicient  experimenti  wen  not     I 
made  at  the  time  to  authorize  &  deciaivr!  conclusion.  i 

We  imvethus  completed  our  account  of  compeiuUian 
pendulums  ;  but  before  we  conclude,  it  may  not  be  nnu- 
ceptable  if  we  offer  a  few  Temarks  on  some  pointi  which 
may  be  found  of  practical  utility. 

The  coch  of  the  pendulum  should  be  finely  fixed 
either  to  the  wall  or  to  the  case  of  the  clock,  and  not  to 
the  clock  itself,  as  is  aometimea  done,  and  which  hta 
occasioned  much  irregularity  in  its  rate,  Irom  the  mo- 
tion communicated  to  the  point  of  suspensioD.  We 
prefer  a  bracket  or  shelf  of  caat  iron  or  brass,  upon 
which  the  clock  may  be  fixed,  and  the  cock  carrying  the 
pendulum  attached  to  its  perpendicular  back.  This 
bracket  may  eitherbc  screwed  to  the  back  of  the  clock- 
case,  or,  which  is  the  better  mode,  sscurely  fixed  to  the 
wall;  and  if  the  tatter  be  adopted,  the  whole  may  be 
defended  from  the  atmosphere,  or  from  dust,  by  the 
clock-case,  which  thus  lias  no  connection  either  with 
the  clock  or  with  the  pendulum. 

The  point  of  suspension  should  be  distinctly  di 
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strength  be  exactly  proportional  to  the  base.  That  is, 
if  two  colomns  of  the  same  material  have  equal  heights, 
and  the  base  of  one  be  double  the  base  of  the  other, 
the  strength  of  one  will  be  greater,  but  it  is  not  certain 
whether  it  will  exactly  double  that  of  the  other.  Ac- 
cording to  the  theory  of  Euler,  which  is  in  a  certain  de- 
gree verified  by  the  experiments  of  Musschenbrock,  the 
strength  will  be  increased  in  a  greater  proportion  than 
the  base,  so  that  if  the  base  be  doubled,  the  strength  will 
be  more  than  doubled. 

When  the  base  is  the  same,  the  strength  is  dimin- 
ished by  increasing  the  height,  and  this  decrease  of 
strength  is  proportionally  greater  than  the  increase  of 
height  According  to  Eulei^s  theory,  the  decrease  of 
strength  [is  proportional  to  the  square  of  the  height ; 
that  18,  when  the  height  is  increased  in  a  two-fold  pro^ 
portion,  the  strength  is  diminished  in  a  four-fold  pro- 
portion. 

(333.)  The  strain  to  which  solids  forming  the  parts  of 
stmctures  of  every  kind  are  most  commonly  exposed 
is  the  lateral  or  transverse  strain,  or  that  which  acts  at 
right  angles  to  their  lengths.  If  any  strain  act  oblique- 
ly to  the  direction  of  their  length  it  may  be  resolved 
into  two  forces  (7G,)^  one  in  the  direction  of  the  length, 
and  the  other  at  right  angles  to  the  length.  That  part 
which  acts  in  the  direction  of  the  length  will  produce 
either  compression  or  a  direct  pull,  and  its  eflfect  must 
be  investigated  accordingly. 

Although  the  results  of  theory,  as  well  as  those  of 
experimental  investigations,  present  great  discordances 
respecting  the  transverse  strength  of  solids,  yet  there 
are  some  particulars,  in  which  they,  for  the  most  part, 
agree  ;  to  this  it  is  our  object  here  to  confine  our  obseri- 
vations,  declining  all  details  relating  to  disputed  points 
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Lot  ABCT>,fg.  180„  be  a.  beun,  ■upportcd  tt  ita 
enda  A  and  B.  lis  ertrcagth  to  support  a  weight  st  E 
preuin;;  duu-nwardH  at  right  anglea  to  ita  length  ii  evi- 
dently pnipnniiinal  to  its  breadth,  the  other  things  Iteing 
t]ie  same.  Fur  a  bcaiii  of  double  or  treblo  breatlth,  uid 
of  the  siUBC  ihicluiese,  in  equivalent  to  tu-o  or  three 
equal  and  aimilar  beaiiis  placed  side  by  side*  Since 
each  of  thcM  would  posacsa  the  aame  streDgth,  the 
whole  taken  tog'ctlicr  would  pojseBs  doublo  or  treble  the 
■tren^i  of  auy  one  of  thcio. 

When  the  broadtii  and  lengtli  arc  the  same,  tie 
atrength  obvioiuly  iiic:reiiNes  witli  tlic  depth,  but  not  in 
the  same  proportion.  Tiie  increase  of  strength  m  found 
to  be  much  irrealir^r  in  proportion  than  the  incmse  of 
depth.  By  the  theory  of  Giililco,  a  double  or  trebl* 
tliickneHs  ought  to  increase  tlic  strength  in  a  four-fiild 
or  nine-fold  proportion,  and  experiments  in  moat  cases 
do  not  materially  vary  from  this  rule. 

If  while  the  breadth  and  depth  remain  the  aame.the 
length  of  tha  beam,  or  ratlicr  the  distance  betweea  the 
poinia  of  support  vary,   tlic  slrenjjlh  will   vary  accMii- 
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IobL  Thus  the  increase  of  length  and  breadth  coun- 
teract each  other's  effects,  and  as  ■  fkr  as  they  are  conr 
cemed,  the  strength  of  the  beam  ii  not  changed.  But 
by  doubling  the  thickness,  the  strength  is  increased  in  a 
fi>ur-fold  proportion,  that  is,  as  the  square  of  the  length. 
In  the  same  manner  it  may  be  shown,  that  when  all  the 
jdiwensioQs  are  trebled,  the  strength  is  increased  in  a. 
]|liie-£(dd  propcHlion,  and  so  on. 

(334.)  In  all  structures  the  materials  have  to  support 
tibw  own  weight,  and  therefore  their  available 
-0la:>ength  is  to  be  estimated  by  the  excess  of  their 
absolute  strength  above  that  degree  of  strength  which 
is  jwt  sufficient  to  support  their  own  weight  This  con- 
flidention  leads  to  some  conclusions,  of  which  numerous 
■Und  striking  illustrations  are  presented  in  the  works  of 
«eture  tind  art 

We  have  seen  that  the  absolute  strength  with  which 
j^  latertd  strain  is  resisted  is  in  the  proportion  of  the 
PfUAjre  of  the  linear  dimensions  of  sunilar  parts  of  a 
flbructure,  and  therefore  the  amount  of  this  strength 
jiicneasei  rapidly  with  every  increase  of  the  dimensions 
jof  a  body.  But  at  the  same  time  the  weight  of  the 
body  increases  in  a  still  more  rapid  proportion.  Thus, 
if  the  several  dimensions  be  doubled,  the  strength  will 
be  increased  in  a  four-fold,  but  the  weight  in  an 
eight^fold  proportion.  If  the  dimensions  be  trebled, 
the  strength  will  be  multiplied  nine  times,  but  the 
weight  twenty-seven  times.  Again,  if  the  dimensions 
be  multiplied  four  times,  the  strength  will  be  multi- 
plied sixteen  times,  and  the  weight  sixty -four  times,  and 
so  on. 

Hence  it  is  obvious,  that  although  the  strength  of  a 
body  of  small  dimensions  may  greatly  exceed  its  weigllt, 
and,  therefore,  it  may  be  able  to  support  a  load  many 
times  its  own  weight ;  yet  by  a  great  increase  in  the 
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-dimenaionB,  the  weight  increasinf  in  a  Hrach  fpnXa 
degree,  tlie  availabl*  atfcngth  jmj  be  much  dimiiikbed, 
uid  fuch  t  magnitude  may  be  auigned,  that  the  waght 
of  the  body  must  exceed  its  strength,  sad  it  not  only 
woold  be  unable  to  support  any  load,  but  would  octuiUy 
ftll  to  piece*  by  iti  awD  weijjhL 

The  atrenfth  of  a  structure  of  any  land  is  not;  tbeie- 
Tore,  to  be  determined  by  that  of  its  model,  whkh  wiD 
always  be  much  stronger  in  proportion  to  its  uze.  All 
works,  natural  and  artificial,  have  limits  of  magnitiids 
which,  while  their  BiBtorials  remain  the  aauie,  they  can- 
not iurpasa. 

In  conformity  with  what  bas  juSt  been  'esfdaincd,  it 
has  been  observed,  that  small  animalB  are  stnwger  in 
proportion  than  large  ones ;  that  the  younf  plaat 
has  more  available  strength  in  proportion  than  tlK 
large  forest  tree  ;  tbat  children  are  less  liable  to  iqjnrj 
from  accident  than  men,  &c.  But  although  to  a  co- 
tain  extent  these  observations  are  just,  yet  it  oo^ 
not  to  be  foi^tten,  tliat  the  mechanical  concluHon 
which  they  are  brought  to  illustrate  are  Gnmded  on  the 
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Wo  will  now  suppose  tint  the  fulcrum  S,  Jig.  188^ 
la  Hituatpil  lii'liHv  tlie  line  joining  the  points  of  suppoil. 
uul  tliat  tlic  centre  of  gravity  of  the  beam  when  nut 
loaded  in  ut  (i.  Also  tliut  when  a  very  Bmall  weight  ii 
placed  ill  tJic  Kculc  uuspendcd  from  the  point  B,  tba 
beam  a  drawn  fitini  ita  Imrizontal  position,  the  deviatin 
beiiijf  a  measure  i)f  tlic  Bcikiil>ility  of  the  balimce.  Thn, 
ad  before  Htatod,  U  P  niulliplicd  by  the  weight  of  tlie 
boun  will  bo  equul  b>  P'  B  multiplied  by  the  very  HniQ 
additional  weight  acting  on  tlie  point  B. 

Now  if  we  place  f>t[UBl  weights  in  both  scaln,  §oA 
additioniJ  weights  will  be  referred  to  the  point  W,  tui 
the  resulting  distanre  of  the  centre  of  gravity  tiom  1^ 
pout  W,  calling  W  G  unity,  will  be  expressed  sa  heion 
by  the  reciprocal  of  the  increased  weight  of  the  loaded 
beam.  But  G  P  will  decrnsse  in  a  greater  proponiDB 
thanWG:  Urns,  suppoaing  the  weight  of  the  beaKiU 
be  doubled,  W  g  would  be  one  half  of  W  G  ;  but  f  ^ 
%s  will  be  evident  on  an  inspection  of  the  ligurc,  will  be 
leas  ihaiiholf  of  GP;  oncl  the  same  small  weight  wbioh 

is  before  applied  to  the  point  B,  if  now  added,  wdllll 
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W,  in  the  line  joining  A  and  B,  if  the  weight  of  the 
beam  be  doubled  by  such  added  weights,  and  the  cen- 
tre of  gravity  be  consequently  raised  to  g*,  W  g*  will 
become  equal  to  half  of  W  6.  But  gp,  being  greater 
tftan  one  half  of  6  P,  the  end  of  the  beam  B  will 
riie  until  g  p  becomes  such  as  to  be  equal,  when  mul- 
tiplied by  the  whole  increased  weight,  of  the  beam  to 
P  By  multiplied  by  the  small  weight,  which  we  suppose 
to  have  been  placed  as  in  the  preceding  examples,  in 
ttie  scale. 

From  what  has  been  said,  it  will  be  seen  that  there 
•re  three  positions  of  the  fulcrum  which  influence  the 
sensibility  of  the  balance :  first,  when  the  fulcrum  and 
the  points  of  support  are  in  a  right  line,  when  the  sen- 
sibility of  the  balance  will  remain  the  same,  though  the 
freight  with  which  the  beam  is  loaded  should  be  varied : 
secondly,  when  the  fulcrum  is  below  the  line  joining  the 
two  points  of  support,  in  which  case  the  sensibility  of 
fhe  balance  will  be  increased  by  additional  weights, 
until  at  length  the  centre  of  gravity  is  raised  above  the 
fblcrum,  when  the  beam  will  turn  over  ;  and,  thirdly, 
when  the  fulcrum  is  above  the  line  joining  the  two 
points  of  support,  in  which  case  the  sensibility  of  the 
balance  will  be  diminished  as  the  weight  with  which 
the  beam  is  loaded  is  increased. 

The  sensibility  of  a  balance,  as  here  defined,  is  the 

angular  deviation  of  the  beam  occasioned  by  placing  an 

;  additional  constant  small  weight  in  one  of  the  scales ; 

but  it  is  fi-equently  expressed  by  the  proportion  which 

such  siaaW  additional  weight  bears  to  the  weight  of  the 

beam  and  its  load,  and  sometimes  to  the  weight  the 

Value  of  which  is  to  be  determined. 

This   proportion,  however,  will  evidently  vary  with 
^ifTerent  weights,  except  in  the  case  where  the  centre  of 

avity  of  the  beam  is   in  the  line  joining  the  pointer 
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Bopporting  the  scdes,  the  (ulcrum  being  above  this  line, 
and  it  in  tliprcfore  inrciijinry,  in  every  other  case,  when 
■peakiu^'  ■')'  tlu^  F:e1l^'ibi]it]r  uf  the  balance,  to  desigmte 
the  wi'i).'lit  n-ith  whirli  it  in  loadetl:  thus  if  a  baltnce 
haa  a  troy  pound  in  each  scale,  nnil  the  horizootality  rf 
the  beam  vnries  n  cerlein  em  nil  quantity,  just  perceptible 
on  the  addition  of  one  ]iundredth  of  a  grain,  we  say 
that  the  balance  is  sensible  to  ^-^i- ^  j  part  of  its  load 
with  B  pound  in  each  scale,  or  that  it  will  determine 
the  weight  of  b  troy  pound  within  -^^i^^-  part  of  the 

The  nearer  the  centre  of  gravity  of  a.  balance  is  to  iU 
fiilcrum,  llie  Blower  will  be  the  oscillations  of  the  beam. 
The  niunher  of  oscillatioiiB,  therefore,  made  by  the  beam 
in  a  given  time  [a  minute  for  oxanipte),  affords  the  mwt 
accumte  method  of  judging  of  the  Hensibility  of  the 
balance,  which  will  be  the  greater  as   the   oscilUtioiu 

Balances  of  the  most  perfect  kind  (and  of  such  onlj 
it  is  our  present  object  to  treat)  are  usuallv  furnished 
witli  adjustments,  by  meniis  of  which  tlio  length  of  the 
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dvawer  below  the  case ;  and  when  in  use,  it  is  protected 
from  any  disturbance  from  currents  of  air,  by  being 
enclosed  in  the  case  above  the  drawer,  the  back  and 
front  of  which  are  of  plate  glass.  There  are  doors  in  the 
^ttes,  through  which  the  scale-pans  are  loaded,  and 
ftbre  is  a  door  at  the  top  through  which  the  beam  may 
be  taken  out 

A  strong  brass  pillar,  in  the  center  of  the  box,  sup- 
ports a  square  piece,  on  the  front  and  back  of  which 
rifle  two  arches,  nearly  semicircular,  on  which  are  fixed 
two  horizontal  planes  of  agate,  intended  to  support  the 
ihlcrum.    Within  the  pillar  is  a  cylindrical  tube,  which 
glides  up  and  down  by  means  of  a  handle  on  the  out- 
aide  of  the  case.     To  the  top  of  this  interior  tube  is 
fixed  an  arch,  the  terminations  of  which  pass  beneath 
susd  outside  of  the  two  arches  before  described.    These 
tenmnations  are  formed  into  Y  #,  destined  to  receive 
tlie  ends  of  the  fulcrum,  which  are  made  cylindrical  fiir 
this  purpose,  when  the  interior  tube  is  elevated  in  order 
to  relieve  the  axis  when  the  balance  is  not  in  use.    On 
depressing  the  interior  tube,  the  Ys  quit  the  axis,  and 
leave  it  in  its  proper  position  on  the  agate  planes.    The 
l>eam  is  about  eighteen  inches  long,  and  is  formed  of 
two  hollow  cones  of  brass,  joined  at  their  bases.    The 
thickness  of  the  brass  does  not  exceed  0.02  of  an  inch, 
but  by  means  of  circular  rings  driven  into  the  cones  at 
intervals  they  are  rendered  almost  inflexible.    Across 
the  middle  of  the  beam  passes  a  cylinder  of  steel,  the 
lower  side  of  which  is  formed  into  an  edge,  having  an 
angle  of  about  thirty  degrees,  which,  being  hardened 
and  well  polished,  constitutes  the  fulcrum,  and  rests 
upon  the  agate  planes  for  the  length  of  about  0U)5  of  an 
inch. 

Each  point  of  suspension  is  formed  of  an  axis  having 
two  sharp  concave  edges,  upon  which  rest  at  right  an^ 
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To  find  the  expanaion  of  the  rod,  w«  have 

the  expansion  of  43  incbeH  of  glasa   .    .    .    -0003099 

Of  two  inches  of  steel -OOOOIW 

Total  expansion  of  the  pendulum  rod  .  .  .  ■0003166 
Agreeing  near  enough  vith  that  of  the  compensatioii 
before  found. 

As  we  conceive  we  have  been  suScientlj  explicit  in 
our  description  of  this  pendulum,  in  the  coostruction  of 
whicii  no  difficulty  presents  itself,  we  think  an  engnved 
representation  of  it  would  be  superfluous. 

We  have  hitherto  treated  onl;  of  ccHnpensationa  hr 
temperature ;  but  there  is  another  kind  of  error,  which 
has  been  sometimes  insisted  upon,  arising  from  a  Tiria- 
tion  in  the  density  of  the  atmosphere.  If  the  densitf  of 
the  atmosphere  be  increased,  the  pendulum  wiU  expe- 
rience a  greater  resistance,  the  aie  of  vibration  wiD  in 
consequence  bo  diminished,  and  the  pendulum  will 
vibrate  faster.  This,  however,  U  in  some  moasare 
counteracted  by  the  increased  buoyancy  of  the  aUno- 
aphere,  wliich,  acting  in  oppoailicn  to  gravity,  occtsioDB 
the  pendulum  to    vibrate    slower.      If   the   one   efiect 
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made  to  vilnrate  in  a  cycloid,  the  time  of  its  vibration  in 
KTCB  of  different  extent  would  then  remain  the  same. 
Hoygens  and  others,  therefore,  endeavoured  to  effect 
this  by  placing  the  spring  of  the  pendulum  between 
cheeks  of  a  cycloidal  form. 

When  escapements  are  employed  which  do  not  in- 
save  an  unvarying  impulse  to  the  pendulum,  the  force 
aaay  be  unequally  transmitted  through  the  train  of  the 
clock  in  consequence  of  unavoidable  imperfections  of 
woriananship,  and  the  arc  of  vibration  may  suffer  some 
increase  or  diminution  from  this  cause.  To  discover  a 
.remedy  for  this  is  certainly  desirable. 

The  writer  of  this  article  some  years  ago  imagined  a 
node,  which  he  believes  has  also  been  suggested  by 
others,  by  winch  he  conceived  a  pendulum  might  be 
made  to  describe  an  arc  approaching  in  form  to  that  of 
a  cycloid.  The  pendulum  spring  was  of  a  triangular 
fonn,  and  the  point  or  vertex  was  pinned  into  the  top  of 
the  pendulum  rod,  the  base  of  the  triangle  forming 
the  axis  of  suspension.  Now  it  is  evident  that  when 
tlie  pendulum  is  in  motion,  the  spring  will  resist  bending 
■tthe  axis  of  suspension,  with  a  force  in  some  sort  pro- 
portionate to  the  base  of  the  triangle. 

Suppose  the  pendulum  to  have  arrived  at  the  extent 
of  its  vibrations ;  the  spring  will  present  a  curved  ap- 
pearance ;  and  if  the  distance  from  the  point  of  suspen- 
sion to  the  centre  of  oscillation  be  then  measured,  it 
wiD  evidently,  in  consequence  of  the  curvature  of  the 
spring,  be  shorter  than  the  distance  from  the  point  of 
suspension  to  the  centre  of  oscillation,  measured  when 
the  pendulum  is  in  a  perpendicular  position,  and  conse- 
quently when  the  spring  is  perfectly  straight 

The  base  of  the  triangle  may  be  diminished,  or  the 
spring  be  made  thinner ;  either  of  which  will  lessen  its 
eflEbct     We  cannot  say  how  this  plan  might  answer 

u>3 
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■Aenrud*  the  two  ft^fate  fdnneH  curying  the  acala-puu 
•re  depoaited  upon  their  sappottmg  knife-edges. 

A  balancQ  of  this  conatrnction  wba  emfdoyed  by  Ai 
writer  of  thia  article  in  adjUBting  the  nftUonal  stuidut 
pound.  With  a  pound  troy  in  each  scale,  the  addition  a 
one  hundrcdtli  of  a  p-miii  caused  the  index  to  vuy  oni 
divieifin,  equal  to  onctcntli  of  on  inch,  uid  Mr.  RobinMi 
idjuBts  tlieac  balances  so  that  with  one  thousand  grain 
in  each  scale,  the  index  varies  perceptibly  on  the  additioi 
of  ono  tliotisandth  of  a  grvTt,  or  of  one-millioDth  pwtol 
the  weight  to  be  determined. 

It  mny  not  be  unintcTORting  to  subjoin,  from  tbe  Phi- 
losophical Transactions  for  11^36,  the  description  iJ  i 
balance  perhajNi  the  most  sensible  that  has  jet  beei 
made,  constructed  for  verifying  the  natioiisl  standari 
bnahel.     The  author  says, — 

"  The  weight  of  the  bushel  measure,  tagelhei  witl 
the  SOlba.of  water  it  should  conUin,  was  about  SSOte 
and  as  1  could  find  no  balance  capable  of  detenniniii 
•0  large  a  weight  with  sufficient  accuracy,  I  was  nuda 
the  necessity  of  constructing  one  for  this  expiSM  pv 
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finnly  'Hxed  to  the  rod,  if  the  form  of  the  pendulum 
will  admit  of  it,  by  a  pin  or  screw  passing  through  its 
centre. 

The  more  delicate  adjustment  may  be  completed  by 
shifting  the  jdace  of  the  slider  with  which  the  pendulum 
is  pupposed  to  be  furnished  on  the  rod. 

Ifr.  BroWne  (of  whom  we  have  before  epoken)  prac- 
tises the  following  very  delicate  mode  of  adjustment  for 
rate,  which  will  be  found  extremely  covenient,  as  it  is 
not  necessary  to  stop  the  pendulum  in  order  to  make  the 
required  alteration.  Having  ascertained,  by  experiment, 
the  effect  produced  on  the  rate  of  the  clock,  by  placing 
a  weight  upon  the  bob  equal  to  a  given  number  of  grains, 
he  prepares  certain  smaller  weights  of  sheet-lead, 
which  are  turned  up  at  the  corners,  that  they  may  be 
conveniently  laid  hold  of  by  a  pair  of  forceps,  and  the 
efibct  of  these  small  weights  on  the  rate  of  the  clock 
will  be,  of  course,  known  by  proportion.  The  rate  being 
supposed  to  be  in  defect,  the  weights  necessary  to  cor- 
rect this  may  be  deposited,  without  difficulty,  upon  the 
bob  of  the  pendulum,  or  upon  some  convenient  plane 
surface,  placed  in  order  to  receive  them :  and  should  it 
be  necessary  to  remove  any  one  of  the  weights,  this  may 
readily  be  done  by  employing  a  delicate  pair  of  forceps, 
without  producing  the  slightest  disturbance  in  the  mo* 
tion  of  the  pendulum. 
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Udied,  wid  tho  uuilct  eiirftcea  of  which  were  formed  kf 
cueful  grinding  into  cylindrical  segmenta.  These  were 
in  GonUct  witli  the  knife- cdijcii  their  whole  lG:^th,uid 
were  known  to  be  in  tlielr  proper  puijidon  by  lite  can«- 
■pondenct:  of  tlicir  CAlrcniitiea  with  those  of  the  knife- 
edge*.  A  well  imagined  coDbiiuicc  was  applied  bf 
Mr.  Bale  for  raising  llic  beam  wfacu  loaded,  in  ordetU 
prevent  uimccesfory  wciir  of  tlic  kiiife-cdgc,  and  for  tbc 
purpose  of  adjusting  tike  place  of  tlie  centre  of  gnnlf, 
when  the  beam  yas  loaded  witli  ttie  weight  required  U 
be  determiucd,  a  screw  cturying  a  movable  bftU  prcijecUl 
vertically  frnmtlic  middle  uf  Uicbeaiu. 

"The  purfoniunce  of  t1iii<  balance  fully  equalled  mr 
expectations.  With  twohundred  and  fifty  pounds  in  eact 
scale,  the  addition  of  a  single  gudn  occasioned  ui  im- 
laediatc  variation  in  tlic  index  of  one  twontieth  of  in 
inch,  the  radiua  being  Gfly  iiichci*.'' 

From  the  preceding  uccoiint  it  appears  that  this  bil- 
ance  is  sensible  to  j^.^^^^j  part  of  the  weight  whid 
was  to  be  determined. 

We  shall  now  describe  the  method  to  be   pursued 
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then  in  the  contmry  direction  through  double  this  din- 
ttoice,  and  then  produce  the  former  slow  motion  by 
means  of  the  screw  acting  vertically  on  the  point  of  sup- 
port Repeat  this  operation  until  the  adjustment  is 
perfect. 

9.  To  make  the  arms  of  the  beam  of  an  equid 
length. 

^Put  weights  in  the  scales  as  before ;  bring  the  beam 
M  neoriy  as  possible  to  a  horizontal  position,  and  note 
the  division  at  which  the  index  stands;,  unhook  the 
■ealeSy  aAd  transfer  them  witit  their  weights  to  the  other 
endb  of  the  beam,  when,  if  the  index  points  to  the  sftme 
division,  the  aims  are  of  an  equal  length ;  but  if  not, 
bring  the  index  to  the  division  which  had  been  noted, 
by  ^Eci&g  small  weights  in  one  or  the  other  scale. 
TkkfB  «iw«iy  half  these  weights,  and  bring  the  index 
m;«an  to  the  observed  division  by  the  adjusting  screw, 
MrhSeh  acts  horizontally  on  the  point  of  support.  If  the 
gOide-pans  are  known  to  be  of  the  same  weight,  it  wiS 
mat  be  necessary  to  change  the  scales,  but  merely  to 
tnudsfist  the  weights  from  one  scale-pan  to  the  other. 

Of  the  Use  qf  ihe  Balance. 

Though  we  have  described  the  method  of  adjusting 
the  balance,  these  adjustments,  as  we  have  before 
remarked,  may  be  dispensed  with.  Indeed,  in  all  deli- 
cate scientific  operations,  it  is  advisable  never  to  rely 
upon  adjustments,  which,  after  every  care  has  been  em- 
ployed in  effecting  them,  can  only  be  considered  as 
approximations  to  the  truth.  We  shall,  therefore,  now 
describe  the  best  method  of  ascertaining  the  weight  of  a 
body,  and  which  does  not  depend  on  the  accuracy  of 
these  adjustments. 

Having  levelled  the  case  which  contains  the  balance, 
and  thrown  the  beam  out  of  action,  {dace  A  weight  in 
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each  scale-pen  nearly  cciuaJ  1o  the  weight  wliicli  is  to  be    ' 
doterminei].     Lower  the   beam  very  gently  till  it  ia  in 
action,  and   by  meamt  of  the   odjustnient  for  nidiigot 
loweiing  the       n  re    f  gra  ity,  cause  the   beam  toii- 
brate  very    )      1>       R  these  weights,   and  place 

the  aubstan  e  tli  w  ght  whicli  is  to  be  detennined, 
in  one  of  tb  I    p  nrefully  couaterpoise  it  bj 

means  of  any  n  n  en  ubataDCes  put  into  the  othei 
scale-pan,  and  b  ne  the  division  at  which  the  indei 
BlBuds;  rem  Ih  b  dy,  the  weight  of  which,  is  U 
be  B^ertained,  aod  substitute  standard  weights  fa 
it  eo  as  to  bring  the  indo:  to  the  same  division  u  be- 
fore. These  weights  will  he  equal  to  the  weight  of 
tiie  body. 

If  it  be  required  to  compare  two  weights  together 
which  are  uitended  to  be  e<jual,  and  to  ascertain  their 
difference,  if  any,  the  method  of  proceeding  will  be 
nearly  the  same.  The  standard  weight  is  to  be  cm- 
fuUy  counterpoisod,  and  llie  diviaton  at  which  the  index 
Btauda,  uoted.  And  now  it  will  be  convenient  to  add  in 
cither  of  the   scales  some  small  weight,  such  as  one  oi 

o  hundredths  of  a 
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the  extent  of  the  vibrations  of  the  index  as  the  point 
where  it  would  rest,  and  this  may  be  repeated  several 
times  for  greater  accuracy.  It  must,  however,  be  remem- 
bered, that  it  is  not  safe  to  do  this  when  the  extent  of 
the  vibrations  is  beyond  one  or  two  divisions  of  the 
scale ;  but  with  this  limitation  it  is,  perhaps,  as  good  a 
method  as  can  be  pursued. 

Many  precautions  are  necessary  to  ensure  a  satisfac- 
tory result  The  weights  should  never  be  touched  by 
the  hand ;  fi)r  not  only  would  this  oxydate  the  weight, 
bat  by  raising  its  temperature  it  would  appear  lighter, 
when  placed  in  the  scale-pan,  than  it  should  do,  in  con- 
flequence  of  the  ascent  of  the  heated  air.  For  the 
larger  weights  a  wooden  fork  or  tongs,  according  to  the 
form  of  the  weight,  should  be  employed ;  and  for  the 
flmoUer,  a  pair  of  forceps  made  of  copper  will  be  found 
the  most  convenient;  this  metal  possessing  sufficient 
elasticity  to  open  the  forceps  on  their  being  released 
6om  pressure,  and  yet  not  opposing  a  resistance  sufficient 
to  interfere  with,  that  delicacy  of  touch  which  is  desira- 
ble in  such  operations.  . 

Of  Weights. 

It  must  be  obvious,  that  the  excellence  of  the  balance 
would  be  of  little  use,  unless  the  weights  employed 
were  equally  to  be  depended  upon.  The  weights  may 
either  be  accurately  adjusted,  or  the  difference  between 
each  weight  and  the  standard  may  be  determined,  and, 
consequently,  its  true  value  ascertained.  It  has  been 
already  shown  how  the  latter  may  be  effected,  in  the 
instructions  which  have  been  given  for  comparing  two 
weights  together ;  and  we  shall  now  show  the  readiest 
mode  of  adjusting  weights  to  an  exact  equality  with  a 
given  standard. 

tu 
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The  mfttMul  of  ths  w«i^t  m^  be  either  biwi  «r 
plstinS)  and  ita  fomi  may  be  cylindiic*! :  tta«  diuwter 
beiB;  nenriy  twice  the  height  A  sdmU  apherio*!  knob 
■a  KKwed  into  the  centre,  a  spue  beicff  left  under  tfa« 
■crow  to  receive  the  pordoD*  of  fine  wire  ued  io 
the  tdjuatment.  It  will  be  eonTenient  to  ftiita  n  ixtitj 
in  the  bottom  of  each  weight  to  receive  the  knob  of  the 
weight  upon  which  H  may  be  jdaceiL 

Each  weight  is  now  to  be  ctnnpared  irith  the  ttaod- 
urd,  and  abould  it  be  too  heavy,  it  ia  to  be  reduced  till 
it  becomea  in  a  very  aniall  degree  too  light,  when  tha 
antount  of  the  deficiencj  ia  to  be  carefully  detatmiiwd. 

Some  very  line  silver  wire  it  now  to  be  taken,  and 
the  weight  of  three  or  four  feet  of  it  aKertaiaed.  Fnn 
this  it  will  be  known  what  length  of  the  wire  is  equal  to 
the  error  of  tiie  weight  to  be  adjiuted ;  and  thia  Inftb 
being  cut  off  ij  to  be  enclosed  under  the  actew.  To 
guard  affainat  any  poiiible  oiror,  it  will  be  odviMblf 
before  the  icrew  ia  flimly  fixed  in  ita  place,  again  to 
GompBje  the  weight  with  the  standard. 

The  most  approved  method  of  nuking  weighta  ei- 
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qtiaiten.  Across  the  middle  is  fixed  one  of  the  small- 
est needles  I  could  procure,  to  serte  as  an  axis,  and  it  is 
fixed  in  its  place  by  means  of  ai  little  sealing  wax.  The 
numeration  of  the  divisions  is  from'  l&e  middle  t&  each 
end  of  the  beam.  The  fulcrum  is  a  bit  of  plate  brass, 
the  middle  of  which  lies  flat  on  my  table  when  I  use  the 
balance,  and  the  two  ends  are  bent  up  to  a  right  angle 
8o  as  to  stand  upright.  These  two  ends  are  ground  ait 
the  same  time  on  a  flat  hone,  that  the  extreme  siufaces 
of  them  may  be  in  the  same  plane  ;  and  their  distance  is 
snch  that  the  needle,  when  laid  across  them,  rest^  on 
them  at  a  small  distance  from  the  sides  of  the  beam. 
They  rise  above  the  surface  of  the  table  only  one  tenth 
and  a  half  or  two  tenths  of  an  inch,  so  that  the  beam  is 
very  limited  in  its  play.    See  Jig,  190. 

**  The  weights  I  use  are  one  globule  of  gold,  which 
weighs  one  grain,  and  two  or  three  others  which  weigh 
one  tenth  of  a  grain  each ;  and  also  a  number  of  small 
rings  of  fine  brass  wire,  made  in  the  manner  first  men- 
tioned by  Mr.  Lewi^,  by  appending  a  weight  to  the 
wire,  and  coiling  it  with  the  tension  of  that  weight 
Tound  a  thicker  brass  wire  in  a  close  spiral,  after  which, 
the  extremity  of  the  spiral  being  tied  hard  with  waxed 
thread,  I  put  the  covered  wire  into  a  vice^  and  applying 
a  sharp  knife,  which  is  struck  with  a  hammer,  I  cut 
through  a  great  number  of  the  coils  at  one  stroke,  and 
find  them  as  exactly  equal  to  one  another  as  can  be  de- 
sired. Those  I  use  happen  to  be  the  ^'^  part  of  a  grain 
each,  or  300  of  them  weigh  ten  grains ;  but  I  have  oth- 
ers much  lighter. 

"  You  will  perceive  that  by  means  of  these  weights 
placed  on  different  parts  of  the  beam,  I  can  learn  the 
weight  of  any  little  mass  from  one  grain,  or  a  little  more, 
to  the  j^\^  of  a  grain.  For  if  the  thing  to  be  weighed 
weighs  one  grain,  it  will,  when  placed  on  one  extremity 

^3 
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of  the  beam,  counteTpoise  tlie  laxgu  gold  weight  it  tbe 
other  extremity.  If  it  weighs  half  >  grain,  it  wiU  coun- ' 
lerpoide  the  hpavy  gold  weight  placed  at  5.  If  it 
weigh  ^  of  b  graio,  you  must  jJace  the  heavy  gold 
weight  at  •'i,  and  one  of  the  lighter  ones  at  the  extrenutf 
to  counteipoia  it,  and  if  it  weighs  only  one  or  two,  or  three 
or  four  hundredths  of  a  grain,  it  will  be  counterpoised  b| 
ona  of  the  Bmal)  gold  wciglita  placed  at  the  first  or  kg- 
ond,  or  third  or  fourth  division.  If^  on  the  ccmtiaiy,  it 
weighs  one  gnia  and  a  fraction,  it  will  be  counterpoiMd 
by  the  heavy  gold  weight  at  the  extremi^,  and  one  w 
more  of  the  lighter  ones  placed  in  aome  oEher  pait  of  tie 

"  This  beam  has  served  me  hitherto  for  erety  jmr- 
posc  ;  hut  had  I  occaatoQ  for  a  more  delicate  (me,! 
could  Rmhe  it  easily  by  taking  a  much  thinner  and  ligbtei 
Blip  of  wood,  and  grinding  the  ne>!dle  to  give  it  an  edge. 
It  would  also  be  easy  to  make  it  cany  small  scales  of 
paper  for  particular  purposes." 

The  writer  of  this  article  has  used  a  balance  of  this 
kind,  Bnd  finds  that  it  is  sensible  U>  ^^^-g  of  a  grain 
n  loaded  with  ten  grnina-     It  is  necesaajy.  however. 
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in  order  that  it  may  be  deducted  from  the  weight, 
afterwards. determined,  of  the  scale-pan  and  the  sub- 
stance it  may  contain. 

If  the  scale-pan  be  placed  at  the  tenth  division  of  the 
beam,  it  is  evident  that  by  means  of  the  two  grain 
weights,  a  greater  weight  cannot  be  determined  than 
one  grain  and  nine  tenths ;  but  if  the  scale-pan  be 
placed  at  any  other  division  of  the  beam,  the  resulting 
ajipurent  weight  must  be  increased  by  multipl3nng  it  by 
ten,  and  dividing  by  the  number  of  the  division  at  which 
the  scale-pan  is  placed ;  and  in  this  manner  it  is  evident 
.  that  if  the  scalA-pan  be  placed  at  the  division  numbered 
1,  a  weight  amounting  to  nineteen  grains  may  be  deter- 
mined. 

We  have  been  tempted  to  describe  this  little  appara- 
tus, because  it  is  extremely  simple  in  its  construction, 
may  be  easily  made,  and  may  be  very  usefully  employed 
<m  many  occasions  where  extreme  accuracy  is  not  ne- 
cessary. 

Descnption  of  the  StedyarcL 

The  steelyard  is  a  lever,  having  unequal  arms ;  and 
in  its  most  simple  form  it  is  so  arranged,  that  one  weight 
alone  serves  to  determine  a  great  variety  of  others,  by 
sliding  it  along  the  longer  arm  of  the  lever,  and  thus 
varying  its  distance  from  the  fulcrum. 

It  has  been  demonstrated,  Chapter  XIIL,  that  in  the 
lever  the  proportion  of  the  power  to  the  weight  will  be 
always  the  same  as  that  of  their  distances  from  the  ful- 
cmmj  taken  in  a  reverse  order ;  consequently,  when  a 
constant  weight  is  used,  and  an  equilibrium  established 
by  sliding  this  weight  on  the  longer  arm  of  the  lever, 
the  relative  weight  of  the  substance  weighed,  to  the 
eonstant  weight,  will  be  in  the  same  proportion  as  the 

<4 
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disUnce  of  the  conaLant  weight  from  the  fulcium  it  to 
the  lenfrtli  of  tlie  sliorter  arm. 

Tliii*  «up]irise  tlie  length  of  the  shorter  arm,  m  tin 
dutance  [>!'  ihe  fulcnini  from  the  point  from  which  &» 
weight  to  111!  ilctcnniiicil  is  suspended,  to  be  one  inch; 
let  the  longer  aiut  of  tJic  lever  be  divided  into  puti  of 
one  inch  each,  beginning  at  the  fulcrum.  Now  let  tha 
constant  weight  be  equal  to  one  pound,  uid  let  tba 
•teclyard  be  ao  constructed  that  the  shorter  urn  slull 
be  •ufficicntly  heavy  to  counterpoiee  the  longer  whea 
the  bar  iii  unloaded.  Then  Buppoae  k  aubatance,  Ibe 
weight  of  which  \a  five  puundH,  to  be  mspended  fion 
the  shorter  arm.  It  will  be  found  that  when  the  con- 
stant weight  ia  placed  at  tiic  distance  of  Sve  inchei  bom 
the  fu]cru[]i,  the  trcights  will  be  in  equilibriom,  tnd 
the  bar  consequently  borizontaL  In  this  (tedyud, 
theref(»rc,  the  distance  of  each  inch  from  the  fulcnni 
indicates  a  weight  of  one  pound.  An  inalrumenl  of  this 
form  was  used  by  tlic  Ronmlia,  and  it  id  usually  de- 
scribed as  the  Roman  slateraor  ateelyard.  A  represen- 
tation of  it  ia  given  at_/fg'.  l'J2. 

The  steelyard  ia  in  very  general  uae  for  the  t 
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flcribedy  if  there  be  a  second  point  of  suspension  at 
the  distance  of  half  an  inch  from  the  fulcrum^  each 
division  of  the  longer  arm  will  indicate  two  pounds 
instead  of  one,  and  these  divisions  ,are  usually  marked 
upon  the  opposite  edge  of  the  steelyard,  which  is  made 
to  turn  over. 

This  instrument  is  very  convenient,  because  it  requires 
bvt  one  weight ;  and  the  pressure  on  the  fulcrum  is  less 
tluui  in  the  balance,  when  the  substance  to  be  weighed 
18  heavier  than  the  constant  weight.  But,  on  the  con- 
trary, when  the  constant,  weight  exceeds  the  substance 
to  be  weighed, the  pressure  on  the  fulcrum  is  greater  in 
the  steelyard  tiian  in  the  balance,  and  the  balance  is, 
therefore,  preferable  in  determining  small  weights. 
There  is  also  an  advantage  in  the  balance,  because  the 
subdivision  of  weights  can  be  effected  with  a  greater 
degree  of  precision  than  the  subdivision  of  the  arm  of 
the  steelyard. 

C.  PavTs  Sledyard. 

A  steelyard  has  been  constructed  by  Mr.  C.  Paul, 
inspector  of  weights  and  measures  at  Geneva,  which  is 
much  to  be  preferred  to  that  in  common  use.  Mr.  C. 
Paul  states,  that  steelyards  have  two  advantages  over 
balances:  1.  That  their  axis  of  suspension  is  not  loaded 
with  any  other <»  weight  than  that  of  the  merchandise, 
the  constant  weight  of  the  apparatus  itself  excepted ; 
labile  the  axis  of  the  balance,  besides  the  weight  of  the 
instrument,  sustains  a  weight  double  to  that  of  the 
merchandise.  2.  The  use  of  the  balance  requires  a 
considerable  assortment  of  weights,  which  causes  a 
proportional  increase  in  the  price  of  the  apparatus,  in- 
dependently of  the  chances  of  error  which  it  multiplies 
ud  of  the  time  employed  in  producing  an  equilibiiiun. 

1.  In  C.  Paul^i  steelyaid  the  centres  of  tiie  mdve- 
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tnent  of  mwpcnsion,  or  the  two  consbuit  centies,  ue 
placed  on  thr>  exact  line  of  the  diTimons  of  the  beam ; 
an  elevation  almost  imperceptible  in  the  axis  of  the 
heun,  ileatined  to  compenaste  for  tiie  very  slight  fleam 
of  the  hnr,  alone  pxpcpted. 

2.  The  apparatus,  by  the  constnnction  of  the  bean, 
is  balanced  below  i(a  cenlre  of  motion,  so  that  when  M 
weight  ia  suspended,  Ihe  beam  naturally  remains  horiMn- 
tal,  and  resumes  that  position  when  removed  from  if,  u 
also  when  the  steelyard  is  loaded,  and  the  weight  is  il 
the  division  which  ouglit  to  show  how  mueb  the  dtct^ 
chandise  weig'hs.  The  horizontal  situKticni  in  this  jIspI- 
yard,  as  well  as  in  tlie  otliers,  is  known  by  means  of  the 
tongue,  wiiich  rises  vertically  above  the  axis  of  sus- 
pension. 

3.  It  may  be  discovered,  that  the  steelyard  is  de- 
ranged if,  when  not  loaded,  the  beam  does  not  nam 
horizontal. 

4.  The  advantage  of  a  jrreatand  a  small  side  (iriiili 
in  the  other  augments  the  eKtent  of  their  power  d  , 
weighing)  is  supplied  by  a  very  simple  process,  whici 
accomplishes  the  same   end  with   aome    additional  ai-  i 


i  ounce,  the  weigfht  of  500  p<nind8  of  iMr^bariidise. 
i  will  be  sufficient  to  add  what  is  indicated  by  the  small 
eight  in  ounces,  to  that  of  the  large  one  in  pounds, 
\efrBJi  equilibrium  has  been  obtained  by  the  position  of 
\iB  two  weights,  viz.  the  large  one  placed  at  the  next 
yund  below  its  real  weight,  and  the  small  one  at  the 
.vision  which  determines  the  number  of  ounces  to  be 
Uttd. 

&  As  the  beam  is  graduated  only  on  one  edge,  it 
fty  have  the  form  of  a  thin  bar,  which  tenders  it  much 
i»  susceptible  of  being  bent  by  the  action  of  the 
eight,  and  aflbrds  room  for  making  the  figures  more 
■ible  on  both  the  faces. 

6*  In  these  steelyards  the  disposition  of  the  axes  is 
it  only  such  that  the  beam  represents  a  mathematical 
ver  without  weight,  but  in  the  principle  of  its  division, 
e  interval  between  every  two  divisions  Is  a  determined 
id  aliquot  part  of  the  distance  between  the  two  fixed 
Milts  of  suspension ;  and  each  of  the  two  weigfhts  en^ 
dyed  has  for  its  absolute  weight  the  unity  of  tfai 
sight  it  represents,  multiplied  by  thd  number  of  the 
Hfiions  contained  in  the  interval  between  the  two  cen- 
ia  of  motion. 

Thus,  supposing  the  arms  of  the  steelyard  divided  in 
ch  a  manner  that  ten  divisions  are  exactly  contained 
the  distance  between  the  two  constant  centres  of  mo^ 
iD,  a  weight  to  express  the  pounds  on  each  division 
the  beam  must  really  weigh  ten  pounds ;  that  to  pi^int 
1  the  ounces  on  the  same  divisions  must  weigh  ten 
MCBls,  &c.  So  tliat  the  same  steelyard  may  be  adapt* 
7-  to  any  system  of  measures  whatever,  and  in  partictt«- 
r  to  the  decimal  »ystem,  by  varying  the  absolute 
taviness  of  the  weights,  and  their  relation  with  each 
her. 
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But  to  trace  out  in  a  few  words,  the  advanUgw  of 
the  steelyards  constructed  by  C.  Pan)  for  coitimeicial 
parpoBCH,  we  sliall  only  observe, — 

1.  That  the  biiyi?r  and  seller  ore  certain  of  the  ccRed- 
neus  of  the  instruinctii.  if  the  beam  remaina  horizonlil 
when  it  18  unloaded  and  in  its  usual  position.  3.  Hit 
these  steelyards  bave  one  HuapenEion  less  than  the  oM 
ones,  and  art'  so  miii.-li  more  eiinple.  'd.  That  by  thw 
means  we  obtain,  with  the  greatest  facility,  by  emplcj- 
ing  two  weights,  the  e\acl  weight  of  mercbandiae,  with 
all  the  approximation  tliat  can  be  desired,  and  even  witli 
a  greater  precision  than  that  given  by  common  balances. 
There  are  few  of  tlioae  which,  when  loaded  with  500 
pounds  at  each  end,  give  decided  indtcation  of  an  oimcp 
variation;  and  the  steelyajds  of  C.  Paul  posaeaa  Ihit 
advantage,  and  cost  one  half  less  than  baJances  of  equal 
dominion.  4.  In  the  last  place,  we  may  verify  at  plei- 
sure  the  justness  of  the  weights,  by  the  transpoeilw! 
which  (heir  ratio  to  each  other  will  permit ;  for  exuiqile, 
by  observing  whether,  when  the  weight  of  one  pounJ 
ia  brought  back  one  division,  and  the  weight  of  ooi 
carried  forward  aixteen  diviaiona,  the  eouihbriial 
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ment.  An  account  of  its  application  to  the  detemiinar- 
tion  of  specific  gravities  will  be  found  in  vol.  iii.  of  the 
Philosophical  Magazine. 

The  Chinese  Steelyard. 

This  instrument  is  used  in  China  and  the  East  Indies 
for  weighing  gems,  precious  metals,  &c.'  The  beam 
IB  a  small  rod  of  ivory,  about  a  fiK)t  in  length.  Upon 
this  are  three  lines  of  divisions,  marked  by  fine  silver 
■tads,  all  beginning  from  the  end  of  the  beam  whence 
the  first  is  extended  8  inches,  the  second  6^,  and  the 
third  8^.  The  first  is  European  weight,  and  the  other 
two  Chinese.  At  the  other  end  of  the  beam  hangs 
a  round  scale,  and '  at  three  several  distances  from  this 
end  are  holes,  through  which  pass  so  many  fine  strings, 
eerving  as  different  points  of  suspension.  The  first  dis< 
tance  makes  1}  inches,  the  second  3},  or  double  the 
fimner,  and  the  third  4},  or  tripple  the  same.  The  in- 
strument, when  used,  is  held  by  one  of  the  strings,  and 
a  sealed  weight  of  about  1|  oz.  troy,  is  slid  upon  the 
beam  until  a  equilibrium  is  produced  ;  the  weight  of  the 
body  is  then  indicated  by  the  graduated  scale  above 
mentioned. 

The  Danish  Balance. 

The  Danish  balance  is  a  straight  bar  or  lever  having 
a  heavy  weight  fixed  to  one  end,  and  a  hook  or  scale- 
pan  to  receive  the  substance,  the  weight  of  which  is  to 
be  determined,  suspended  from  the  other  end.    The  ful- 
crum is  movable,  and  is  made  to  slide  upon  the  bar, 
>      till  the  beam  rests  in  a  horizontal  position,  when  the 
^     place  of  the  fulcrum  indicates  the  weight  required.    In 
order  to  construct  a  balance  of  this  kind,  let  the  distance 
"W    of  the  centre  of  gravity  from  that  point  to  which  the 
^   substance  to  be  weighed  is  suspended  be  found  by  ex* 
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perinent,  «-ben  the  beim  is  unlmded.  Hidtiply  tin* 
diitance  by  the  weight  of  the  whole  ftppKratus,  ud  di- 
vide thp  iKTuhict  by  thfi  weiitht  of  'the  appttrBtiw  in- 
rresKPil  by  tliP  weight  of  the  body.  This  will  give  tie 
diatancp  fmm  tlin  [mini  of  mispennion,  at  which  the  fill- 
cmin  being  plureil,  the  while  will  be  in  equilibrio:  for 
example,  BiipjMffling  the  distance  of  the  centre  of  gmitj 
from  tlic  point  of  Biispensinn  to  be  10  inches,  and  the 
weight  of  the  wliole  apparatus  to  be  ten  pounds ;  sup- 
poM,  also,  it  were  required  to  mark  the  divieioiu  wluch 
should  indicate  weights  of  one,  two,  or  three  pounds,  &e. 
Pint,  for  the  place  of  the  division  inilicating  one  poond 
we  have  — -  =m  ,-h-jji  ~  ^'i  mchee,  the  pate  of 
the  division  mariiing  one  pound.  For  two  pounds  we 
have  -  ^=  6}  inches,  tlie  place  of  the  division  inv- 


esting twoprounds  ;  and  for  thiee  poundu =^  7^ 


100 

10  +  8 

inches   for  the   place  of  the   division  indicating    thiM 
pDUnda,  mnd  hi 

This  balance  is  gubject  to  the  inconvenience   of  the   | 
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I H.  A  wale-pan  £  is  suspended  from  the  other  end  of 
the  lever  at  A.  Through  the  centre  of  motion  B  draw 
the  hoiizoAtal  line  KB  G,  upon  whicj,  fiom  A  and  C, 
let  fall  the  perpendiculars  A  K  and  C  D.  Then  if  B  K 
and  B  D  are  reciprocally  proportional  to  the  weights  at 
A  and  C,they  will  be  in  equilibrio,  but  if  not,  the  weight 
C  will  move  upwards  or  downwards  along  the  arc  F  6 
till  that  ratio  is  obtained.  If  the  lever  be  so  bent  that 
when  A  coincides  with  the  line  GK,  C  coincides  with 
the  vertical  BH,  then  as  C  moves  from  F  to  G,  its  mo- 
mentum will  increase  while  that  of  the  weight  in  the 
■cale-pan  E  will  decrease.  Hence  the  weight  in  E,  cor- 
responding to  different  positions  of  the  balance,  may  be 
expressed  on  the  graduated  arc  F  G. 

Brady*8  Balance,  or  Weighing  Apparaiua. 

This  partakes  of  the  properties  both  of  the  bent  lever 
balance   and  of  the  steelyard.      It   is  represented  at 
fig,  196.    A  B  C  is  a  frame  of  cast  iron  having  a  great 
part  of  its  weight  towards  A.     F  is  a  ftilcrum,  and 
£  a  movable  suspender,  having  a  scale  and  hook  at  its 
Jower  extremity.     E  K  G  are  three  distinct  places,  to 
which  the  suspender  £  may  be  applied^  and  to  which 
.belong  respectively  the  three  graduated  scales  of  divi- 
Bion  expressing  weights,  fC,  c  d,  and  a  b.    When  the 
scale  and  aospender  are  applied  at  G,  the  apparatus  is  in 
equilibrio,  with  the  edge  A  B  horizontal,  and  the  suspend- 
er cuts  the  zero  on  the  scale  a  &.     Now,  any  substance, 
the  weight  of  which  is  to  be  ascertained,  being  put  into 
.the  scale,  the  whole  apparatus  turns  about  F,  and  the 
:part  towards  B  descends  till  the  equilibrium  is  again 
eBtablished,  when  the  weigh  of  the  body  is  read  off  from 
4i9B  scale  cp  h,  which  registers  to  ounces  and  extends  tp 
^twp  pounds.     If  the  weight  of  the  body  exceed  two 
.pounds,  and  be  less  thaa€d«V9D  pouadfl^ Ihsi Mviptfnder 
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tn  placed  at  K ;  and  wtien  the  scale  is  empty,  the  niuiter 
3  is  fniinil  to  the  right  of  the  index  of  the  soapender. 
If  now  wvifililK  excccdmjr  two  pounds  be  placed  in  At 
■iralc,  tlu>  «-]iii1e  agKia  tiimH  about  F,  and  the  wei^af 
the  bud;  in  shown  on  tlie  gTBduuCcd  arc  e  d,  whicb 
extends  to  eleven  pounds,  and  regiatcta  to  every  two 

If  the  weight  of  t)ie  body  exceed  eleven  pound*,  tk 
Buipender  is  hung  oii  at  E,  and  the  weig-hts  are  asm- 
tamed  in  tlic  eame  manner  on  the  scale  J'C  to  thittr 
pound:<,  tlie  subdivisions  being  on  tliia  scale  quartera  at 
pounds.  The  some  principles  would  obviously  apply  to 
weights  greater  or  lean  tlisn  the  above.  To  prevent 
mistake,  the  tlirer  points  of  support  G,  K,  E,  are  num- 
bered 1,9,:);  and  the  corresponding  arcs  are  resgecl- 
ively  niimbered  in  the  enrnc  manner.  When  the  hook 
is  used  instead  of  tlie  scale,  the  latter  is  turned  upwards, 
diere  being  a  joint  at  m  for  tbat  purpose. 

The  n'tighhiK  Mackiaefor  TtimpUce  JteatU. 

is  for  thp  purpoKe  of  ascertaining  ill 
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A,  B,  C,  D,  represent  four  levers  tending  towards  the 
centre  of  the  platform,  and  each  movable  on  its  fulcrum 
tit^,  B,  C,  D;  the  fulcrum  of  each  rests  upon  a  piece 
securely  fixed  in  the  corner  of  the  pit.  The  platform  is 
flui^rted  upon  the  cross  pins  ti^b,  Cyd,  by  means  of 
pieces  of  iron  which  project  from  it  neai^  its  comers,  and 
which  are  represented  in  the  plate  by  the  short  dark 
lines  crossing  the  pins  a,b,c,(L  The  four  levers  are 
connected  under  the  centre  of  the  platform,  but  not  so 
as  to  prevent  their  free  motion,  and  are  supported  by  a 
long  lever  at  tlie  point  F,  the  fulcrum  of  which  rests 
upon  a  piece  of  masonry  at  E :  the  end  of  this  last  lever 
passes  below  the  surface  of  the  road  into  the  turnpike 
house,  and  is  there  attached  to  one  arm  of  a  balance,  or, 
as  in  Salmon's  patent  weighing  machine,  to  a  strap 
passing  round  a  cylinder  which«  winds  up  a  small  weight 
round  a  spiral^  and  indicates,  by  means  of  an  index,  the 
weight  placed  upon  the  platform. 

Suppose  the  distance  from  A  to  F  to  be  ten  times  as 
great  as  that  from  A  to  a,  then  a  force  of  one  pound 
applied  beneath  F  would  balance  ten  pounds  applied  at 
.  Of  or  upon  the  platform.    Again :  let  the  distance  from 
£  to  G  be  also  ten  times  greater  than  the  distance  from 
the  fulcrum  £  to  F ;  then  a  force  of  one  pound  applied' 
to  raise  up  the  end  of  the  lever  G  would  counterpoise  a 
I  weight  of  ten  pounds  placed  upon  F.    Now,  as  We  gain 
:  ten  times  the  power  by  the  first  levers,  and  ten  times 
more  by  the  lever  E  G,  it  follows,  that  a  force  of  one 
-  pound  tending  to  elevate  G,  would  balance   100  lbs. 
placed  on  the  platform ;  so  that  if  the  end  of  the  lever 
^Gbe  attached  to  one  arm  of  a  balance,  a  weight  of 
.  10  lbs.  placed  in  a  scale  suspended  from  the  other  arm, 
':  will  express  the  vajue  of   1000  lbs.  placed  upon  the 
;  platform.    The  levers  are  counterpoised,  when  the  plat- 
^  form  is  not  loaded,  by  a  weight  H  i^^lied  to  the  end  of 


the  lut  l«ver,  contiDued  beyond  tlie  fulernm  fbi  thtt 
putpoee. 

Of  Iiutnantntt  for  ueigMng  by  mtana  of  a  ^tring. 

The  npring  ia  wt^ll  idapted  to  the  constructioD  of  i 
weighing  iiMchine,  from  the  property  it  poaaoaaet  t£ 
yielding  in  proportion  to  the  force  impressed,  and  con- 
Bequently  giving  a  scale  cf  equal  p&rta  for  equal  lit- 
tioTO  of  weight  It  is  liable,  however,  to  lufier  injinT, 
unless  the  steel  of  which  it  is  comptMipd  be  very  »ell 
tempered,  from  s  want  of  perfect  elasticity,  and,  codw- 
qnently,  from  not  retiiniing  to  iti  original  place  afler  it 
has  been  forcibly  compressed.  Thie,  however,  must  be 
considered  to  arise,  in  a  great  measure,  from  imperfec- 
tion of  workmanship,  or  of  the  material  employed,  or  to 
ita  having  been  subjectod  to  too  great  a  force. 

The  Spring  SteelytmL 
The  little  insrtnmient  known  hy  this   i 
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Upon  the  face  of  a  6  the  weight  is  expressed  by  di- 
▼imoDs,  each  of  which  indicates  one  pound,  and  five  of 
such  divisions  in  the  instrument  now  before  us  occupy 
two  tenths  of  an  inch.  The  divisions,  notwithstanding, 
are  of  sufficient  size  to  enable  them  to  be  subdivided  by 
the  eye. 

To  use  this  instrument^  the  substance  to  be  weighed 
18  suspended  by  the  hook,  the  instrument  being  held  by 
r  a  ring  passing  through  the  rod  at  the  other  end.  The 
^  spring  then  suffers  a  compression  proportionate  to  the 
^  weight,  and  the  number  of  pounds  is  indicated  by  the 
^  division  on  the  rod  which  is  cut  by  the  top  of  the  cylin- 
^  dncsl  tube^ 

^"  SaU^8  Improved  Spring  Balance. 

^       A  very  neat  fonn  of  the  instrument  last  described  has 

been  recently  brouf^t  before  the  public  by  Mr.  Salter^ 

Imder  the  name  of  the  Improved  Spring  Balance.    It 

jSm  represented  at^.  199.    The  spring  is  contained  in 

."Ui^    upper  half  of  a  cylinder  behind  the  brass   plate 

,3  Sonoing  the  face  of  the  instrument ;  and  the  rod  is  fixed 

^K>  the  lower  extremity  of  the  spring,  which  is  conse* 

^nently  extended,  instead  of  being  compressed,  by  the 

application  of  the  weight.     The  divisions,  each  indi- 

half  a  pound,  are  engraved  upon  the  face  of  the 

plate,  and  are  pointed  out  by  an  index  attached  to 

^  rod. 


MarrioWs  Patent  Dial  Weighing  Machine. 

The  exterior  of  this   instrument  is   represented   at 

-  %•.  200.,  and  the  interior  at  Jig,  201.    A  B  C  is  a  shallow 

^  ^as8  box,  having  a  solid  piece  as  represented  at  A,  to 

^^fech  the  spring  D  E  F  is  firmly  fixed  by  a  nut  at  D. 

* J2^  other  end  of  the  spring  at  F  is  pinned  to  the  brass 

«ce  G  H,  to  the  part  of  which  at  G  is  also  fixed  the 
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iron  Mcked  pUte  I.  A  Bcrew  L  serveB  aa  el  itop  to 
kpep  this  raclt  in  its  place.  Thp  teetli  of  the  tMkflt 
into  those  of  tht  pinion  M,  the  nxis  of  which  passes 
through  the  centre  of  the  dial-plate,  and  carries  u 
index  which  pointa  out  the  weiglit.  The  brass  piece 
G  H  is  merely  a  plate  where  it  passes  ovtr  the  spring, 
and  the  tail  piece  H,  to  which  the  weight  is  suHpended, 
pasHCB  through  an  opening  in  the  aide  of  the  box. 

Of  IIk  Otfnanaim^ttr. 

This  is  an  important  instrument  in  mechanics,  ctko- 
lated  to  menaure  the  muscular  strength  exerted  bymea 
and  animals.  It  consists  esecntialljr  of  a  spring  steel-  I 
yard,  such  as  that  we  first  described.  This  is  souie-  1 
times  employed  alone,  and  sometimes  in  combinatiiii 
with  various  leTcre,  which  allow  of  the  spring  bcin; 
made  more  dchcate,  and  consequently  incrcaae  the  ei' 
tent  of  the  divisions  indicating'  tlie  weight. 

The  first  instrument  of  tliia  kind  appeors  to  have  i»H 
invented  by  Mr.  Graham,  but  it  wea  loo  bulky  and  iwi» 
venieot   for   use.      M.   Ic   Roy   made   one     of   a   nwe 
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the  globe  there  was  a  cushion  to  receive  the  blow,  and 
as  the  saddenness  with  which  the  spring  returned  ren- 
dered  it  impossible  to  read  the  division  upon  the  rod, 
another  rod  similarly  divided  was  forced  in  by  the  plate 
farndag  the  basis  of  the  cnshion,  and  remained  station- 
aiy  when  the  spring  returned.  The  common  spring 
steelyard,  however,  which  we  first  described,  is  in  prin- 
c^e  the  same  as  M.  le  Roy's  dynamometer,  and  is  much 
more  conveniently  constructed  for  the  purpose  we  are 
considering.  The  ring  at  one  end  may  be  fixed  to  an 
immovable  object,  and  the  hook  at  the  other  attached 
to  a  man,  or  to  an  animal,  and  the  extent  to  which  the 
^  graduated  rod  is  drawn  out  of  the  cylinder  shows  at 
23  once  the  force  which  is  applied.  Though  this  is  perhaps 
^  the  best,  and  certainly  the  most  simple  dynamometer, 
gg  others  have  been  contrived,  which  are,  however,  but 
^  modificationB  of  the  spring  steelyard.  One  of  these  is 
represented  at^.  d(Kj.  The  spiral  spring  acts,  in  the 
|.;  manner  before  described,  but  its  divisions  are  increased 
^  in  size,  and  therefore  rendered  more  perceptible  by 
y  means  of  a  rack  fixed  to  the  plate,  acting  against  the 
^  mpinl  spring,  the  teeth  of  which  move  a  pinion  upon 
y}  which  the  arm  I  is  fixed,  pointing  to  the  graduated  arc  K. 
Another  dynamometer  has  been  invented  by  Mr.  Sal- 
mon ;  it  is  represented  at  Jig.  203.,  and  is  a  combination 
of  levers  with  the  spring.  By  means  of  these  levers  a 
nrach  more  delicate  spring,  and  which  is  therefore  more 
.^^  sensible,  may  be  employed  than  in  the  dynamometer  last 
.  _   ■  described. 

^^  I     The  manner  in  which  these  levers  and  spring  act  will 
be  readily  understood  by  an  inspection  of  the  figure. 
;Like  the  weighing  machine  for  carriages,  the  fulcrum  of 
^  >each  lever  is  at  one  end,  and  the  force  is  diminished  in 
^p9jamng  to  the  spring,  in  the  ratio  of  the  length  of  its 
If  ATme,    The  spring  moves  a  pinion  by  means  of  a  nek, 

u2 
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npcrn  which  pmion  a  hud  ia  placed,  indicatiiiff  by  div 
iao*  upon  a  circular  dial-plate  the  amount  of  the  fm 
employed. 

The  apring  uaed  in  thii  machine  ia  f:alcu]ated 
wei|fh  only  about  SO  lbs.  iutead  of  about  5  ctL,  u 
the  laat  deacribed  ;  but  by  meana  of  the  levera  whicb 
terrene  between  it  and  the  force  •4>plied,  it  will  aertf 
eatimate  a  force  equal  to  6  cwt,  and  mig'ht  obnooalj 
made  to  go  to  «  much  greater  extent,  by  vaijing  the 
tio  of  the  length  of  the  aimi  of  the  levera. 

OH  COMFenSATIOH  pKimoLima. 

(33S.)  It  iiaaid  of  Galileo  that,  when  very  young, 
obaerved  a  lamp  nepeoded  from  the  roof  fif  a  chmli 
Piaa,  iwinging  backward!  and  forwarda  with  a  pan 
loua  motion.  This,  if  it  had  been  remarked  at  all  by 
uneducated  mind,  would,  most  probably,  have  h 
passed  by  as  a  common  occurrence,  unworthy  of' 
alightest  nolice;  but  to  the  mind  imbued  with  scin 
o  incident  ia  insignificant;  and  a  circumstuice  sfif 
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plained  in  Chapter  XL;  and  if  a  substance  could  be 
found  not  susceptible  of  any  change  in  its  dimensions 
horn  a  change  of  temperature,  nothing  more  would  be 
necessary,  as  the  centre  of  oscillation  would  always 
xemain  at  the  same  distance  from  the  point  of  suspen- 
irioB.  As  eveiy  known  substance,  however,  expands  with 
heat,  and  contracts  with  cold,  the  length  of  the  pendulum 

'irill  wy  with  every  alteration  of  temperature,  and  thus 
the  time,  of  its  vibration  will  suffer  a  corresponding 
change.  The  effect  of  a  difference  of  temperature  of 
Q50y  or  that  which  usually  occurs  between  winter  and 

flommer,  would  occasion  a  clock  furnished  with  a  pen- 
dulum having  an  iron  rod  to  gain  or  lose  .six  seconds  in 

-  twenty-four  home. 

It  became  then  highly  important  to  discover  some 
xneuM  of  counteracting  this  variation  to  which  the 
lenjfth  of  ^e  pendulum  was  liable,  or,  in  other  words,  to 

-devise  a  metliod  by  which  the  centre  *of  oscillation 
should,, under  every  change  of  temperature,  remain  at 

the  same  distance  from  the  point  of  suspension :  happi- 

'  )y,  the  dillbrence  in  the  rate  of  expansion  of  different 
metals  presented  a  ready  means  of  efiecting  this. 

Graham,  in  the  year  1715,  made  several  experiments 
to  ascertain  the  relative  expansions  of  various  metals, 
with  a  view  of  availing  himself  of  the  difference  of  the 
expansions  of  two  or  more  of  them  when  opposed  to 
each  other,  to  construct  a  compensating  pendulum.  But 
the  difference  he  found  was  so  small,  that  he  gave  up 
all  hope  of  being  able  to  accomplish  his  object  in  that 
way.  Knowing,  however,  that  mercury  was  much  more 
atfected  by  a  given  change  of  temperature  than  any 
other  substance,  he  saw  that  if  the  mercury  could  be 
made  to  ascend  while  the  rod  of  the  pendulum  became 
longer,  and  vice  versd,  the  centre  of  oscillation  might 
always  be  kept  at  the  same  distance  from  the  point  of 

tt3 
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Thia  idea  happily  gave  birUi  to  the  meien- 
riil  peniluhim,  which  is  now  in  very  geaenl  use. 

Id  the  mean  lime,  Graham's  aug^Btioa  excited  ibe 
ingenuitj  of  llan'iaon,  originally  a  cupenter  at  Baitoa 
ID  Iiincolnahire,  who,  in  1726,  produced  a  pendtilnni 
formed  of  parallel  braw  and  ateel  rods,  known  by  the 
name  of  the  grridiion  pendulum. 

Id  the  metcurinl  pendulum,  the  bob  or  wei^tiatbe 
matenal  afibrdin^  the  compensation;  but  in  the  gridinn 
pendulum  the  object  is  Utuned  by  the  greater  expan- 
sion of  the  brass  roda,  which  raise  the  bob  upwards 
towarJa  the  point  of  suspcnsiuD  as  much  a£  the  steel 
roda  elongate  downwards. 

In  the  present  article,  ire  ehall  describe  ^iich  compea- 
sation  pendulums  as  appear  to  U9  likely  to  answer  best  in 
practice;  and  we  troat  we  shall  be  able  to  simpliiy thE 
subject  w>  aa  to  reniier  a  knowledge  of  niathematica 
in,tlie  construction  of  this  important  instrument  unoecei- 

The  following  lalilc  containa  the  linear  expansion  (f 
various  aubatancea  in  parts  of  their  length,  occasioned  bj 
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TABLE  I. 


Zcneor  Expantion  of  various  Substances  for  One  Degree 
of  FahrenhtWs  ThermomeUr, 


Snbstaneefl. 

EzpMUkNM. 

Authors. 

White  Deal,    .        5 

English  Flint  Glass, 

Iron  (cast),    .     .    J 

Iron  (wire),      .     , 
Iron  (bar),     .     .     . 
Stael  (rod),      .    . 

BnuM| 

L«ad,      .... 

Zinc, 

TEinc,  (hammered), 
Mercury  m  bulk,    . 

•0000022685 
•0000028444 
•0000047887 
•0000061700 
•0000065668 
•0000068618 
•0000069844 
•0000068696 

•0000104400 

•0000159259 
•0000168426 
•0000172685 
•00010010 

Captain  Kater. 

Dr.  Strove. 

Dulong  and  Petit. 

General  Roy. 

Dulong  and  Petit. 

Lavoisier  and  L. 

Ilasslar. 

General  Roy. 
r  Commissioners        of 
J  Weights     and  Mea- 
1  sures  —  mean  of  sev- 
l^eral  experiments. 

Smealon. 

Ditto. 

Ditto. 

Dulong  and  Petit. 

From  thi6  table  it  is  easy  to  determine  the  length  of 
a  rod  of  any  substance,  the  expansion  of  which  shall  be 
equal  to  that  of  a  rod  of  given  length  of  any  other  sub* 
stance. 

The  lengths  of  such  rods  will  be  inversely  proportion- 
ate to  their  expansions.  If,  therefore,  we  divide  the 
lesser  expansion  by  the  greater  (supposing  the  rod  the 
length  of  which  is  given  to  be  made  of  the  lesser  ex- 
pansible material),  and  multiply  the  given  length  by  thia 
quotient,  we  shall  have  the  required  length  of  a  rod,  the 
expansion  of  which  will  be  equal  to  that  of  the  rod  giv- 
mtu    For  ezto^le: — The  eaqianiion  of  a  rodof  fteel 
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being',  from  the  ftbove  table,  -0000063596,  and  dot  <ii 
bTua,  0000104400;  if  it  were  required  to  detenmne 
the  length  of  a  rod  of  bnas  whkh  should  expand  u 
much  aa  a  rod  of  Btecl  of  39  inches  in  length,  we  knc 
^^^  =-,-6091,  which,  multiplied  by  3Q,  gives  9375 
inches  for  the  length  of  brasa  required. 

We  aliall  here,  in  order  to  ftcilitate  calculation,  gjre 
the  tfttio  of  the  lengtha  of  such  aubatances  as  may  be 
employed  in  the  construction  of  compenaacion  pendo- 


TABLE  n. 

Sisel  rod  mJ  bm«  cmpBdjaiiod.  a.  1  :        .... 

omi 

im 

vm 

snt 

mi 

aians  mi  bdH  [end  compditealion, 

Tttn 

rm 

Sli-rl  fod  and  mrrrur.v  Ln  a  sleel  cylinder. 
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«8litmade-ui:a  piece  which  is  called  the  cock  of  the  pen- 
dulunL  The  point  of  suspension  is,  therefore,  that  part  of 
ike  spring 'w^ch- meets  the  lower  surface  of  the  cock. 
Ifpw  the  distance  of  the  centre  of ..  oscillation  of  the 
pcandnlmn  from  this  point  may  he  varied  .in  two  ways; 
the  one  hy  drawing  up  the  spring  thiioiigh  this  slit,  and 
the  other  hy  raising  the  hob  of  the  pendttlmn.  Either 
of  lliese  methods  may  be  practised  in  the  compensation 
pc^ndnlom,  but  the  former  is  subject  to  objections  from 
which  the  latter  is  exempt 

Suppose  it  were  required  to  compensate  a  penda- 
Jum  of  39  inches  in  length,  of  steel,  by  means  of  the  ex- 
pansion of  a  brass  rod.  Here,  refeiring  to  Jig.  304., 
we  have  S  C  39  inches  (which  is  to  remain  constant) 
of  iteel ;  the  pendulum  spring,  passing  through  the  cock 
atSiis  attached  to  another  rod  of  steel,  which  is  fixed 
.to  the  cross  piece  R  A  at  A.  The  other  end  of  the  cross 
|iiece  at  R  is  fastened  to  abrass  rod,  the  lower  extremity 
of  which  is  fixed  to  the  cock  of  the  pendulum  at  B» 
Ntfw  the  brass  rod  B  R  must  expand  upwards,  as  much 
ms  the  steel  rod  A  C  expands  downwards ;  and  the 
length  of  the  brass  must  be  such  as  to  effect  this,  leaving 
89  inches  of  the  steel  rod  below  the  cock  of  the  pen- 
dulum. 

Let  us  first  try  80  inches  of  steeL  Multiplying  this 
by  *6091,  we  have  48*73  inches  for  the  length  of  brass, 
which  compensates  80  inches  of  steeL  But  as  48*73 
inches  of  the  steel,  equal  in  length  to  the  brass,  would 
in  this  case  be  above  the  cock  of  the  pendulum,  it 
:  would  leave  only  31*37  inches  below  it,  instead  of  39 
inches. 

Let  us  now  try  100  inches  of  steeL  This,  multiplied 
as  befbre  by  *6091,  gives  60-91  inches,  according  to  the 
expansions  which  we  have  used,  for  the  length  of  the 
lirass  rod»  and  leaves  39*09  inches  below  the  cock  of  the 


pendnlnm,  winch  u  anfficientlf  near  fbroor  pm 
pou. 

Fratn  what  haa  been  Mid  we  m&jr  percein 
toul  longtli  of  the  mBterial  of  which  the  pew 
is  compaaed  miut  be  BlwAys  equtl  to  the  leng' 
pendulum  added  to  the  length  of  the  compenw 

In  thia  inMuice  we  have  effected  our  objec^ 
ing  the  pendulun-ajwing  through  &e  alit ;  bo 
now  ahcnr  how  the  aame  thing  may  be  done  k 
the  bob  of  the  pendulum.  At  Jig.  905^  let  8 
fbte,  be  equal  to  30  incbea.  Let  the  Steel  rod 
off  at  right  angles  at  D,  and  let  a  rod  of  bn 
61  inches  in  length,  aacend  peipendicularlj 
croM  piece  to  R.  To  the  npfiet  part  of  the 
fix  another  ckmb  piaoe  R  A,  and  from  the  ei 
let  a  ateel  rod  deaeend  to  E,  bending  it  as  m 
til]  it  reaches  C.  Now  the  total  lengtli  of  Ai 
ateel  expanding  downward!  is  eqtial  to  S  D. 
F  C  (amonnting  together  to  39  inches),  to  wUc 
added  a  length  of  stsel  equal  to  that  of  the 
B  R,  (61  inches),  making  together  lOO  iDches  c 
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difier  in  no  respect  from  each  other  in  principle^  bat  only 
in  the  arrangement  of  the  materials.  The  last  is  the 
half  of  the  gridiron  pendulum,  the  remaining  bars  being 
morely  duplicates  of  those  we  have  described,  and 
■erving  no  other  purpose  but  to  form  a  secure  frame- 
work. ' 

HarriswCi  Gridiron  Pendulum* 

Afber  what  has  been  said,  little  more  is  necessary  than 
to  give  a  representation  of  this  pendulum.  This  is  done 
wtfig.  207.,  in  which  the  darker  lines  represent  the  steel 
rods,  and  the  lighter  those  of  brass.  The  central  rod  is 
fixed  at  its  lower  extremity  to  the  middle  of  the  third 
cross  piece  from  the  bottom,  and  '^Misses  freely  through 
holes  in  the  cross  pieces  which  are  above,  whilst  the  oth- 
er rods  are  secured  near  their  extromities  to  the  cross 
pieces  by  pins  passing  through  them.  In  order  to  render 
tihe  whole  more  secure,  the  bars  pass  fVeely  through 
hdea  made  in  two  other  cross  pieces,  the  extremities  of 
which  are  fixed  to  the  exterior  steel  wires.  As  differ^ 
ent  kinds  of  the  same  metal  vary  in  their  rate  of 
expansion,  the  pendulum  when  finished  may  be  found 
upon  trial  to  be  not  duly  compensated.  In  this  case 
one  or  more  of  the  cross  pieces  is  shifled  higher  or  low- 
er upon  the  bars,  and  secured  by  pins  passed  through 
fi«sh  holes. 


^  TroughtovCs  TubvJLcar  Pendulum, 

This  is  an  admirable  modification  of  Harrison's  grid- 
iron pendulum.  It  is  represented  at  Jig.  208.,  where  ii 
may  be  seen  that  it  has  the  appearance  of  a  simple  pen- 
dulum, as  the  whole  compensation  is  concealed  within 
« tube  six  tenths  of  an  inch  in  diameter. 

A  steel  wire,  about  one  tenth  of  an  inch  in  diameter, 
10  fixed  in  the  usual  manner  to  the  spring  by  which  the 
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pendulum  is  nupended.  This  wiie  paases  to  the  botbnn 
of  ui  interior  brass  tube,  in  the  centre  of  which  it  is 
firuily  icrcwcil.  Tlic  top  of  this  tube  is  closed,  the 
bUqI  rod  passing'  freely  through  e,  liole  in  the  centre. 
Into  the  top  of  iJiis  interior  tube  two  steel  wires,  of  one 
tenth  of  tn  inch  in  diameter,  are  screwed  into  hoiM 
made  in  that  diameter,  which  is  at  right  angles  to  the 
motion  of  the  pendulum.  These  wires  pass  down  the 
tube  without  touching  either  it  oi  the  central  rod,  tfanogb 
holes  made  in  the  piece  which  closes  the  bottom  of  the 
interior  tube.  The  lower  extremities  of  these  win^ 
which  project  a  little  beyond  the  inner  tube,  sire  Becdielf 
fixed  in  a  piece  which  closes  the  bottom  of  an  erieikf 
brass  tube,  which  is  of  such  a  diameter  as  juit  to  illow 
the  interior  tube  to  pass  freely  through  it,  and  of  a  suffi- 
cient length  to  extend  a  litfle  above  it.  The  top  of  the 
exterior  tube  is  cla>ied  like  that  of  tlie  interior,  hitviii;  , 
also  0.  hole  in  its  centre,  (o  allow  the  first  steel  rod  1p  | 
pass  freely  through  iL  Into  the  top  of  the  i 
tube,  in  that  diameter  whicli  coincides  with  the  motioa 
of  the   pendulum,  a  second  pair  of  steel   wires  of  the   | 
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Fig.  210.  is  the^part  which  closes  the  upper  end  of  the 
interior  tube.  The  two  small  circles  are  the  two  wires 
which  proceed  from  it,  and  the  three  large  circles  show 
the  holes  through  which  the  middle  wire  and  the  other 
pair  of  wires  pass. 

Fig,  211.  is  the  bottom  of  the  interior  tube.  The 
small  circle  in  the  centre  is  where  the  central  rod  is 
fastened  to  it,  the  others  the  holes  for  the  other  four 
wires  to  pass  through. 

Fig.  212.  is  the  part  which  closes  the  top  of  the  exter- 
nal tube.  In  the  large  circle  in  the  centre  a  small  brass 
tube  is  fixed,  which  serves  as  a  covering  for  the  upper 
part  of  the  middle  wire,  and  the  two  small  circles  are  to 
receive  the  wires  of  the  last  expansion. 

Fig.  213.  represents  the  bottom  of  the  exterior  tube, 
in  which  the  small  circles  show  the  places  where  the 
-wires  of  the  second  expansion  are  fastened,  and  the 
larger  ones  the  holes  for  the  other  pair  of  wires  to  pass 
through. 

Fig.  214.  is  a  cylindrical  piece  of  brass,  showing  the 
manner  in  which  the  lower  ends  of  the  wires  of  the  last 
expansion  are  fastened  to  it,  and  the  hole  in  the  middle 
ia  that  by  which  it  is  pinned  to  the  centre  of  the  bob. 
The  upper  ends  of  the  two  pair  of  wires  are,  as  we  have 
observed,  fastened  by  screwing  them  into  the  pieces 
which  stop  up  the  ends  of  the  tubes,  but  at  the  lower 
*•  ends  they  are  all  fixed  as  represented  in  Jig.  214.  The 
pieces  represented  by  Jigs.  213.  and  214.  have  each  a 
jointed  motion,  by  means  of  which  the  fellow  wires  of 
each  pair  would  be  equally  stretched,  although  they 
were  not  exactly  of  the  same  length. 

The  action  of  this  pendulum  is  evidently  the  same  as 
that  of  the  gridiron  pendulum,  as  we  have  three  lengths 
of  steel  expanding  downwards,  and  two  of  brass  expand-^ 
ing  upwards.    The  weight  of  the  pendulum  has  a  ton* 
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deaey  to  ■tnighten  the  (teel  rodi,  utd  tlu  tububi  fenn 
of  the  bnsa  conpenwlion  effectutllf  precludes  tlie 
fear  of  its  bending ;  an  advantage  not  ponac—cd  b; 
the  griJlron  pendulum,  in  which  brass  rods  an  «n- 
ployed. 

Hr.  Troughtoii,  to  the  account  he  baa  given  of  tUi 
pendulum  in  Nicholson's  Journal,  for  December,  1604, 
haa  added  the  lengths  of  the  different  parts  of  which  it 
was  compoBcd,  and  the  expaoeiona  of  bnua  and  steel 
from  which  these  lengths  were  computed.  The  length 
of  the  interior  tube  was  31'9  iochea,  and  that  of  the  ei- 
terior  one  33-8  incbea,  to  which  must  be  added  0-4,  tke 
quantity  by  which  in  thia  pendulum  the  centre  of  osul- 
lation  ia  higher  than  the  centre  of  the  bob.  Tbaae  are 
all  of  brass.  The  pwta  which  are  of  atael  are,— die 
middle  wire,  which  including  06,  the  length  of  the  m- 
penaioo  apting,  is  3^  inches.  The  first  pur  of  wiia 
33*5  inches ;  and  the  aecond  pair,  33*3  iochea.  Tbs 
expansiona  used  were  for  brass  OOOOIGGG,  and  for  atsel 
"OOOOOQfil,  in  parts  of  their  length  fm  one  degree  </ 
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ACBD.  EFisa  rod  of  lead  pmned  to  the  middle 
of  the  piece  BD,  and  also  at  its  upper  extremity 
to  the  cross  piece  G  H,  into  which  the  second  pair  of 
iron  wires  are  fixed,  which  pass  downwards  freely 
through  holes  made  in  the  cross  piece  B  D.  The  lower 
extremities  of  these  last  iron  wires  are  fastened  into 
the  piece  K  L,  which  carries  the  boh  of  the  pendulum. 

To  detennine  the  length  of  lead  necessary  for  the 
compensation,  we  must  recollect,  as  before,  that  the 
distance  from  the  point  of  suspension  to  the  centre  of 
the  bob  (speaking  always  of  a  pendulum  intended  to 
vibrate  seconds)  must  be  39  inches.  Let  us  suppose 
the  total  length  of  the  iron  wire  to  be  60  inches; 
then,  from  the  table  which  we  have  given,  we  have 
*4308  for  the  length  of  a  rod  of  lead,  the  expansion  of 
which  is  equivalent  to  that  of  an  iron  rod  whose  length 
IB  unity.  Multiplying  60  inches  by  '4308  we  have 
5i5'Si  inches  of  lead,  which  would  compensate  60 
inches  of  iron ;  but  this,  taken  from  60  inches,  leaves 
only  34*16  instead  of  39  inches.  Trying  again,  in 
like  manner,  68*5  inches  of  iron,  we  find  29*5  inches 
of  lead  for  the  length,  affording  an  equivalent  compen- 
sation, and  which,  taken  from  68*5  inches,  leaves  39 
inches. 

The  length  of  the  rod  of  lead  then  required  as  a 
compensation  in  this  pendulum  is  about  29i^  inches. 

The  writer  of  this  article  would  suggest  another  fonn 
for  this  pendulum,  which  has  the  advantage  of  greater 
simplicity  of  construction. 

SA,  Jig.  216.,  is  a  rod  of  iron  wire,  to  which  the 
pendulum  spring  is  attached.  Upon  this  passes  a  cy- 
lindrical tube  of  lead,  29^  inches  long,  which  is  either 
pinned  at  its  lower  extremity  to  the  end  of  the  iron  rod 
f  4B  A,  or  rests  upon  a  nut  firmly  screwed  upon  the  ex- 
.   -tiviuiljf  of  this  rod. 
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A  tube  of  sheet  iron  puses  over  the  tube  of  l 
ii  fumialied  at  top  vith  a  flanchc,  bj  which  il 
ported  upon  the  leaden  tube  ;  or  it  ma;  be  ful 
the  top  of  this  tube  in  any  manner  that  may  b« 
convenient. 

The  bob  of  the  pendulum  may  be  either  paan 
the  iron  tube  (continued  to  a  Bufficient  len( 
aecured  by  a  pin  passing  through  the  centre  of 
or  the  iron  tube  may  be  terminated  by  an  iron  w 
tag  the  some  purpose. 

Here  we  have  evidently  the  same  ezpauaions 
and  downwards  as  in  the  gridiron  form,  given 
pendulum  by  Mr.  Benzenberg,  joined  to  the  con 
of  Troughton's  tubular  pendulum. 

WariT*  Compensation  Pendulum. 

In  the  year  1806,  Mr.  Henry  Ward,  of  Blai 
Dorsetshire,  received  the  silver  medal  of  the  S> 
Arts  for  the  compensation  pendulum  which  we  i 
to  describe. 

Fig.  317.  is  a  side  view  of  the  pendulum  n 
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by  it.  There  are  several  holes  for  the  screw  m,  in  order 
to  adjust  the  compensation. 

The  action  of  this  pendulum  is  similar  to  that  last  de- 
Bcribed,  the  zinc  expanding  upwards  as  much  as  the  iron 
rods  expand  downwards,  and  consequently  the  distance 
fix>m  the  point  of  suspension  to  the  centre  of  oscillation 
remains  the  same. 

Mr.  Ward  states  that  the  expansion  of  the  zinc  he 
used  (hanunered  zinc)  was  greater  than  that  given  in 
the  tables.  He  found  that  tlie  true  length  of  the 
zinc  bar  should  be  about  23  inches :  our  computation 
would  make  it  nearly  26. 

'    The  Compensation  Tube  of  Mien  le  Roy, 

We  mention  this  merely  to  state  that  it  is  similar  in 
principle  to  the  apparatus  represented  at  fig,  204.,  with 
merely  this  difference,  that,  instead,  of  the  steel  rod 
being  fixed  to  a  cross  piece  proceeding  from  the  brass 
bar  B  R,  it  is  attached  to  a  cap  fitted  upon  a  Jbrass  tube 
(through  which  it  passes)  of  the  same  length  as  that  of 
the  brass  rod  B  R.  Cassini  spoke  well  of  this  pendu- 
lum, and  it  was  used  in  the  observatory  of  Cluny  about 
the  year  1748. 

Depardeux^s  Compensation. 

This  was  contrived  in  the  same  year  as  that  invented 
by  Julien  le  Roy.  It  is  represented  at  fig.  218.,  where 
ABDF  is  a  steel  bar,  the  ends  of  which  are  to  be 
fixed  to  the  lower  sides  of  pieces  forming  a  part  of 
the  cock  of  the  pendulum.  G  E I H  is  of  brass,  and 
stands  with  its  extremities  resting  on  the  horizontal  part 
B  D  of  the  steel  frame.  The  upper  part  E I  of  the  brass 
frame  passes  above  the  cock  of  the  pendulum,  and  ad- 
mits the  topped  wire  K,  to  which  the  pendulum  spring 
10  fixed  through  a  ■quared  hole  in  the  middle.    A  nut 
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upoD  this  tapped  wire  gives  the  adjuBtment  for  ti 
The  ipringp  paasea  through  the  riit  i>  tho  cock  in 

It  nay  be  eonly  perceived  that  this  pendnlnm  i 
principle  the  aame  aa  that  of  Le  Roy;  the  «ipu 
i»f  the  total  length  of  etecl  A  B  S  C  doirnwarda  b 
compensated  bj  the  equivalent  expansion  of  the  I 
bar  G  E  upwards.  It  i^  however,  preferable  t( 
Roy's,  because  the'  compensation  ia  contained  in 
clock  case. 

Deparcieux  had  pievioudy  published,  in  the  year  1 
on  improvement  of  an  impeifcclly  compcnnting  ] 
dulum,  propoaed  in  the  year  1733  by  Rcgnauld,  a  cL 
maker  of  Chalona.  In  this  pendulum  Depaic 
employed  a  lever  with  unequal  arms  to  incieass 
effect  of  the  espanaion  of  the  brass  rod,  which  wn 

We  may  here  remark,  tlrnt  all  fixed  compensa 
are  liable  to  the  eamc  objection,  muncly,  that  «f 
moving  with  the  pendulum,  and  tbereforo  not  ti 
precisely  the  same  temperature. 


CKAP.  XXI.  KATXB's  PSlfinTLlTM.  363 

A  square  tube  of  zinc  was  cast,  seven  inches  long  and 
three  quarters  of  an  inch  square ;  the  internal  dimen- 
sions being  four  tenths  of  an  inch.  The  lower  part  of 
tke  pendulum  rod  was  cut  away  on  the  two  sides,  so  as 
to  slide  with  perfect  freedom  within  the  tube  of  zine. 
To  ihe  bottom  of  this  zinc  tube  a  piece  of  brass  a  quar- 
ter of  an  inch  thick  was  soldered,  in  which  a  circular 
kole  was  made  nearly  four  tenths  of  an  inch  in  diameter, 
having  a  screw  on  the  inside.  A  cylinder  of  zinc,  fhr- 
nished  with  a  corresponding  screw  on  its  surface,  fitted 
into  this  aperture,  and  a  thin  plate  of  brass  screwed 
upon  the  cylinder,  served  as  a  clamp  to  prevent  any 
shake  after  the  length  of  zinc  necessary  for  compensa- 
tion should  have  been  determined.  A  hole  was  made 
through  the  nxis  of  the  cylinder,  through  which  passed 
^e  steel  screw  terminating  the  pendulum  rod. 

An  opening  was  made  through  the  bob  of  the  pen- 
dulum, extending  to  its  centre,  to  admit  the  square  tube 
of  zinc  which  was  fixed  at  its  upper  extremity  to  the 
centre  of  the  bob.  The  pendulum  rod  passed  through 
the  bob  in  the  usual  manner,  and  the  whole  was  sup- 
ported by  a  nut  on  the  steel  screw  at  the  extremity. 

In  this  form  the  compensation  acts  immediately  upon 
the  centre  of  the  bob,  elevating  it  along  the  rod  as 
much  as  the  rod  elongates  downwards :  the  method  of 
calculating  the  length  of  the  required  compensation  is 
precisely  the  same  as  that  we  have  before  given. 

Assuming  the  length  of  the  deal  rod  to  be  43  inches, 
and  multiplying  this  by  '1313  from  Table  II.,  we  have 
Sr&i  inches  for  the  length  of  the  zinc  necessary  to  coun» 
teract  the  expansion  of  the  deal.  The  length  of  the 
ateel  screw  between  the  termination  of  the  pendulum 
jod  and  the  nut  was  two  inches,  and  that  of  the  suspen* 
mon  spring  one  inch.  Now,  3  inches  of  steel  multiplied 
by  '3^  would  give  1*10  inches  for  the  length  of  zino 
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wbkb  would  compenMte  the  steel,  and,  ad^np  duato 
S-64  inches,  we  h&ve  6-74  inches  for  the  whole  length  of 
sine  required. 

In  this  pendulum,  the  length  of  the  compenaftting  put 
maj  be  varied  by  means  of  the  zinc  cylinder  iuroitbed 
with  a  Bcrew  for  that  purpose.  The  bob  of  this  peoda- 
Inm  and  ita  compeiuation  tre  reiHeBented  at  fg.  319. 

It  has  been  objected  to  the  nae  of  wooden  pendnlmii 
rods,  that  it  is  difficult,  if  not  imposaible,  to  eecute  dKn 
from  the  action  of  moiatnre,  which  would  at  once  be 
fttal  to  their  correct  perfbnnance.  The  pendulnm  go* 
before  us  haa,  however,  been  going  with  but  litUe  is- 
tAnnisaion  since  it  was  first  constructed :  it  is  ittacbed 
to  a  sidereal  clock,  not  of  a  superior  deecriptioii,  sni  ei- 
poeed  to  very  considerable  variations  of  moistiite  lod 
drynesH  ;  yet  the  change  in  ita  rate  haa  been  go  yetj 
trifling  aa  to  nuthoriie  the  belief  that  moii^ture  ha^  liOJo 
or  no  effect  upon  a  wooden  rod  prppared  in  the  msimer 
we  have  described.  Its  rate,  under  different  tempeu- 
tureB  shows  tiiat  it  is  over^compenBated  ;  the  lengthof 
the  dnc  remaining-,  us  slated  in  Nicholson's  Journal,  J  42 
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A  tube  of  zinc  D  pfuses  to  the  centre  of  the  bob  from 
-  below,  and  the  bob  is  su]}ported  upon  it  by  a  piece 
which  crosses  its  centre,  and  which  meets  the  upper  end 
of  the  tube. 

The  rod  being  passed  through  the  bob  and  zinc  tube, 
a  not  is  applied  upon  a  screw  at  the  lower  extremity  of 
the  rod  in  the  usual  manner.  If  the  compensation 
dhonld  be  too  much,  the  zinc  tube  is  to  be  shortened  until 
it  is  correct 

The  length  of  the  zinc  tube  will  be  the  same  in  this 
pendulum  as  in  that  of  Mr.  Ward  —  about  23  inches, 
if  his  experiments  are  to  be  relied  upon. 

The  objection  to  this  pendulum  appears  to  be  its  great 

length,  which  amounts  lo  G2  inches.     We  conceive  it 

would  be  preferable  to  place  the  zinc  above  the  bob, 

•0  in  the  modification  which  we  have  suggested  of 

r      Benzenberg's  pendulum. 
■ 

EUicoWm  Pendidum. 

«i         It  appears  that  the  idea  of  combining  the  expannons 

0  of  difierent  metals  with  a  lever,  so  as  to  form  a  com- 
p4     pensatSon  pendulum,  originated  with  Mr.  Graham:  fbr 

Mr.  Short,  in  the  Philosophical  Transactions  for  1752, 
states  that  he  was  informed  by  Mr.  Shelton,  that  Mr. 
Graham,  in  the  year  1737,  made  a  pendulum,  consisting 
cii  of  three  bars,  one  of  steel  between  two  of  brass ;  and 
s'  that  flie  steel  bar  acted  upon  a  lever  so  as  to  raise  the 
if  pendulum  when  lengthened  by  heat,  and  to  let  it  down 
^     when  shortened  by  cold. 

>  This  pendulum,  however,  was   fbund  upon    trial  to 

R      move  by  jerks,  and  was  therefore  laid  aside  by  the  in- 
9      ventor  to  make  way  for  the  mercurial  pendulum. 

1  Mr.  Short  also  says  that  Mr.  Fotheringham,  a  qualew 
7      of  Lincolnshire,  caused  a  pendulum  to  be  made,  in  the 

y9Kt  1738  or  1739,  conilsting  of  two  bwni|  one  of 
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moi  the  other  of  eteel,  fhrteued  tt^ther  by  pen 
leren  to  raise  or  let  down  the  bob,  end  thet  tb 
en  weie  placed  above  the  b)A. 

Hr.  John  EUicott  of  London  had  made  veiy  i 
expeiimenti  on  the  relative  expannona  of  BeveD  i 
metali^  which,  however,  will  be  found  to  iiBat 
Im*  from  the  lesulta  'of  the  experimente  of  ott 
i*  not,  however,  from  thii  to  be  concluded  th>t  I 
detenninatioiw  were  erroueous ;  for  the  ezpana 
metal  will  luffar  connderable  change  even  by 
ceaaea  to  which  it  ia  neceaaarily  auhjected  in  I 
atniction  of  a  pendalum.  It  ia  therefore  d 
whenever  a  compenaition  pendulum  ia  to  be  mi 
the  expajiaiona  of  the  materials  employed  ah 
deteimined  after  the  proceaaea  of  drilling,  fil 
hammeriiig  have  been  gone  thraogh. 

It  haa  been  objected  to  HaniaoD'a  gridiron  pc 
that  the  adjuatmeat  of  the  rods  was  inconveni 
that  the  ezpanaion  of  the  bob  aupported  et  il 
edge  would,  onleaa  taken  into  the  account,  vi 
Theas   considentiona,   it  ia   s 
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The  pivots  of  two  strong  steel  levers  tarn  in  t^o  holes 
drilled  in  the  broad  part  of  the  iron  bar.  The  short 
arms  of  theere  levers  are  in  contact  with  the  lower  ex- 
tremity of  the 'brass  bar,  and  their  longer  arms  support 
the  bob  of  the  pendulum  by  meeting  the  heads  of  two 
screws  which  pass  horizontally  from  each  side  of  the 
bob  towards  its  centre.  By  advancing  these  screws  to- 
wards the  centre  of  the  bob,  the  longer  arms  of  the  lev- 
er are  shortened,  and  thus  the  compensation  may  be 
readily  adjusted.  At  the  lower  end  of  the  iron  rod, 
under  the  bob,  a  strong  double  spring  is  fixed,  to  sup- 
port the  greater  peurt  of  the  weight  of  the  bob  by  its 
pressure  upwards  against  two  points  at  equal  distances 
from  the  pendulum  rod.  Mr.  Ellicott  gave  a  description 
of  this  pendulum  to  the  Royal  Society  in  1752,  but  he 
says  the  thought  was  executed  in  1738.  As  this  pendu- 
lum is  very  seldom  met  with,  we  think  it  unnecessary 
to  give  a  representation  of  it 

Compenaation  hy  means  of  a  Compound  Bar  of  Sted 

and  Brass. 

Several  compensations  for  pendulums  have  been  pro- 
posed, by  means  of  a  compound  bar  formed  of  steel  and 
brass  soldered  together.  In  a  bar  of  this  description,  the 
brass  expanding  more  than  the  steel,  the  bar  becomes 

.  curved  by  a  change  of  temperature,  the  brass  side  be- 
coming convex  and  the  steel  concave  with  heat.  Now, 
if  a  bar  of  this  description  have  its  ends  resting  on 
supports  on  each  side  the  cock  of  the  pendulum,  the 
bar  passing  above  the  cock  with  the  brass  uppermost,  if 
the  pendulum  spring  be  attached  to  the  middle  of  the 
bar,  and  it  pass  in  the  usual  manner  through  the  slit  of 
the  cock,  it  is  evident  that,  by  an  increase  of  tempe- 
rature, the  bar  will  become  curved  upwards,  and  the 

.pendulum  spring  be   drawn  upwards  through  the  slit, 

1^3 
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■nd  thus  Ote  «long&tioD  of  the  psndtiliiin  dowmndc 
inll  be  compensated.  ThecompeuMtion  m&y  be  adjot- 
ed  bj  varying  the  dUtance  of  the  pointo  of  aupport  fioai 
die  middle  of  tbe  bar. 

Such  wai  one  of  the  modea  of  cmnpensalion  propoaed 
bj  Nicholaon.  Others  of  the  same  descriptioik  (that  ia, 
with  compound  bars]  have  been  bronght  befoic  the 
pnblk  by  Mr.  Thomas  Doughty  and  Mr,  David  Ritchie; 
but  aa  they  are  supposed  to  be  Uable  to  roanj  pnetical 
objections,  we  do  not  think  it  requisite  to  describe  then 
more  particulailj. 

There  is,  however,  a  mode  of  compenaation  by  awais 
of  a  compound  bar,  described  by  M.  Biot  in  the  fiist 
volume  of  his  Traits  de  Physique,  which  aj^an  to  poa- 
aess  considerable  merit,  of  which  he  mentions  baring 
first  witnessed  the  successful  employment  by  the  hnen- 
tor,  a  clockmakei  named  Hartin.  At  _fig.  231.,  S  C,  i> 
the  rod  of  the  pendulum,  made,  in  the  usual  mannei, 
of  iron  or  ste?l ;  tliis  rod  pusses  through  tbe  middle  of  a 
compound  bar  of  brasa  and  steel  (the  brass  being  undei- 
most),  which  should  be  furnished  with  a  short  tube  and 
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Tbme  ire  three  methods  of  adjiutiii^  thifl  compel 
tian:  thefint^by  increaaiiig  or  diminiahing  the  weighti 
W  and  W  $  the  second,  by  varying  the  distance  of  the 
weights  W  and  W  from  the  middle  of  the  bar ;  and  the 
third,  by  varying  the  distance  of  the  bar  from  the  bob 
of  the  pendulum,  taking  care  not  to  pass  the  middle  of 
the  rod.  The  effect  of  the  compensation  is  greater  as 
the  weights  W  and  W  are  greater  or  more  distant  from 
tiie  centre  of  the  bar,  and  also  as  the  bar  is  nearer  to 
the  bob  of  the  pendulum. 

M.  Biot  says  that  he  and  M.  Matthieu  employed  a 
]ieiidulam  of  this  kind  for  a  long  time  in  making  astro- 
nomical observations,  in  which  they  were  desirous  of 
i^twning  an  extreme  degree  of  precision,  and  that  they 
fimnd  its  rate  to  be  always  perfectly  regular. 

In  all  the  pendulums  whkh  we  have  described,  the 
bob  is  supposed  to  be  fixed  to  the  rod  by  a  pin  passing 
through  its  centre,  and  the  adjustment  for  time  is  to 
be  made  by  means  of  a  small  weight  sliding  upon 
the  rod. 

Of  the  Mercurial  Pendulum, 

We^ve  been  guided,  in  our  arrangement  of  the 
pendulums  which  we  have  described,  by  the  similarity 
in  the  mode  of  compensation  employed ;  and  we  have 
now  to  treat  of  that  method  of  compensation  which  is 
effected  by  the  expansion  of  the  material  of  which  the 
bob  itself  of  the  pendulum  is  ccHnposed. 

On  this  subject,  as  we  have  before  observed,  an  ad- 
mirable p^>er,  fmm  the  pen  of  Mr.  Francui  Baily,  may 
be  found  in  the  Memoirs  of  the  Astronomical  Society 
■  cyf  London,  which  leaves  nothing  to  be  desired  by  the 
mathematical  reader.  But  as  our  object  is  to  simplify, 
and  to  render  our  subjects  as  popular  as  may  be,  we 
muit  endeafoar  to  subiAitiite  finr  die  perfect  accuracy 

94 
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wfakh  Hr.  Bailj^a  paper  prwenta,  mch  inlea  u  imj\ 
found  not  only  readily  intelligible,  but  pncbcallj  tpf 
cftUe,  within  the  limits  of  those  inevitable  emm  whi 
■rise  from  a  want  of  knowledge  of  the  ezs«t  ezpaui 
of  the  materials  eroployed. 

At  Jig.  323^  let  8  B  repteient  the  rod  of  a  pe» 
lam,  and  F  C  B  a  metallic  tube  or  cylinder,  mppoited 
a  nut  at  the  extremity  of  the  pendulnm  rod,  in 
twusl  manner,  and  having  a  greater  expanaibilitr  ti 
that  of  the  rod.  Now  C,  the  centra  of  gravilj,  s 
poain^  the  tod  to  be  without  weight,  will  be  in  t)w  n 
die  of  the  cylinder ;  and  if  C  B,  or  half  the  cjlioi 
be  of  Bucfa  a  length  la  to  expand  upwards  aa  mncb 
the  pendulum  rod  S  B  expands  downwards,  it  ia  evU 
that  the  centre  of  gravity  C  will  remain,  under  i 
change  of  temperature,  at  the  sama  diatance  &Dm 
point  of  ■uipenaton  8.  M  Hot  imagined  that,  in  eS 
ing  thia,  a  compensatioD  sufficiently  accurate  would 
obtained ;  but  Bfr.  Baily  has  ahown  that  thia  ia  bi 
means  the  fact. 

Let  us  suppose  the  place  of  the  centre   of  oacill* 
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fendohim  in  winch  the  distance  of  the  centre  of  gravity 
from  the  point  of  snspenai^n  is  99  inches :  the  centre  of 
gaciHatiop  in  such  a  pendulum  will  be  neaiiy  one  tenth 
of  an  inch  below  the  centre  of  ^avity.  Now  let  us 
^imagine  cylindrical  portions  of  equal  lengths  to  be  add- 
ed to  each  end  of  the  cylinder,  until  it  reaches  the  point 
of  Mwpensimi ;  we  shall  then  have  a  cylinder  of  78 
inchea  in  length,  the  centre  of  gravity  of  which  will 
■tiU  be  at  the  distace  of  38  inches  from  the  point  of  sus- 
pensioB.  But  it  is  well  known  that  the  centre  of  oscil- 
lation of  such  a  cylinder  is  at  the  distance  of  about  two 
thirds  of  its  length  from  the  point  of  suspension.  The 
centre  of  oscillation,  therefcnre,  has  been  removed,  by ' 
the  elongation  of  the  cylinder,  about  13  inches  below 
the  centre  of  gravity,  whilst  the  centre  of  gravity  has 
nmained  stationary. 

Now  the  same  thing  as  that  which  we  have  just  de- 
scribed takes  place,  though  in  a  very  minor  degree, 
with  our  former  cylinder,  employed  as  a  compensating 
bob  to  a  pendulum.  The  rod  expands  downwards,  the 
centre  of  gravity  remains  at  the  same  distance  from  the 
point  of  suspension,  uid  the  cylinder  elongates  both 
above  and  below  this  point ;  the  consequence  of  which 
ii,  that  though  the  centre  of  gravity  has  remained  sta- 
tionary, the  distance  of  the  centre  of  oscillation  from 
the  point  of  suspension  has  increased.  It  is,  therefore, 
CYident  that  the  length  of  the  compensation  must  be 
each  as  to  carry  the  centre  of  gravity  a  little  nearer  to 
the  point  of  suspension  than  it  was  before  the  expansion 
took  place ;  by  which  means  the  centre  of  oscillation 
will  be  restored  to  its  former  distance  from  the  point  of 
mepension. 

,    Let  us  suppose  the  expansions  to  have  taken  place, 

end  that  the  centre  of  gravity,  remaining  at  the  same 

jiietenoe  firam  the  point  of  suspensioBy  the  centie  of 
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MeQhtkm  ia  mnoved  to  a  greater  diitanee,  as  «t 
b«fi)re  explainecL  It  is  well  known  that  lite  p 
obtained  bjr  multiplying  the  distance  from  the  p 
■uBpeosion  to  the  centre  of  gfavity,  by  the  di 
from  the  centre  of  gravity  to  the  centre  of  oacilla 
a  constant  quantity  ;  if,  therefore,  the  distjuice  £n 
centre  of  gravity  to  the  point  oTauapenaion  be  lei 
tbe  distance  trom  the  centre  of  giaTitf  to  the  cei 
osoillatioa  will  be  proportionally,  though  not  e 
increased,  and  tiie  centre  of  osctllation  will,  the 
be  elevated.  We  see,  then,  if  we  elevate  the  ce 
gravity  precisely  the  requisite  quantity,  by  emplo, 
sufficient  length  of  tho  coropeiraating  mateitaL 
although  the  distance  from  the  centre  of  gravity 
point  of  Buspenaion  ie  lessened,  yet  the  distant 
the  point  of  suspension  to  the  centi«  of  oecillati 
suffer  no  change. 

The  following  rule  for  finding  the  length  of  th 
penaating  material  in  a  pendnlum  of  the  kind  n 
been  considering  will  he  found  sufficiently  accnr 
■11  practicBl  purposes;  — 
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^nerally  known,  and  it  is  not  surprising  that  it  should  be 
consideied  as  preferable  to  others,  both  from  the  sim- 
I^city  of  its  construction,  and  the  perfect  ease  with 
which  the  compensation  may  be  adjusted. 

We  haye  already  alluded  to  Mr.  Baily's  very  able  pa- 
per on  this  pendulum,  and  we  shall  take  the  liberty  of 
extracting  from  it  the  foUowing  description: — 

AXfg.  233.  is  a  drawing  of  the  mercurial  pendulum, 
Ml  constructed  in  the  manner  proposed  by  Mr.  Baily. 

^  The  rod  S  F  is  made  of  steel,  and  perfectly  straight^ 
its  form  may  be  either  cylindrical,  of  about  a  quarter  of 
an  inch  in  diameter,  or  a  flat  bar,  three  eightlis  of  an 
inch  wide,  and  one  eighth  of  an  inch  thick :  its  length 
from  S  to  F,  that  is,  from  the  bottom  of  the  spring  to  the 
bottom  of  the  rod  at  F,  should  be  34  inches.  The  lower 
part  of  this  rod,  which  passes  through  the  top  of  the 
■tirrup,  and  about  half  an  inch  above  and  below  the 
•Bine,  must  be  formed  into  a  coarse  and  deep  screw, 
■bout  two  tenths  of  an  inch  in  diameter,  and  having 
•bout  thirty  turns  in  an  inch.  A  steel  nut  with  a  milled 
head  must  be  placed  at  the  end  of  the  rod,  in  order  to 
support  the  stirrup;  and  a  similar  nut  must  also  be 
placed  on  the  rod  abofve  the  head  of  the  stirrup,  in  order 
to  screw  firmly  down  on  tlie  same,  and  thus  secure  it  in 
its  position,  aflor  it  has  been  adjusted  nearly  to  the 
required  rate.  These  nuta  are  represented  at  B  and  C. 
A  small  slit  is  cut  in  tlie  rod,  where  it  passes  through 
the  head  of  the  stirrup,  through  which  a  steel  pin  E  is 
screwed,  in  order  to  keep  the  stirrup  from  turning  round 
on  the  rod.  The  stirrup  itself  is  also  made  of  steel, 
and  the  side  pieces  should  be  of  the  same  form  as  the 
rod,  in  order  that  they  may  readily  acquire  tlie  same 
temperature.  The  top  of  the  stirrup  consists  of  a  flat 
]nece  of  steel,  shaped  as  in  the  drawing,  somewhat  more 
tiuui  three  eightlis  of  an  inch  thick.    Through  the  mid* 


iB»  of  tho  t(9  (which  at  thni  part  ii  about  ons  inch 
a  iM^e  mtut  be  drilled  anffidently  large  to  enil 
•enw  of  the  rod  to  pMS  fri^t  ^lot  witfaoot  jA 
The  inaide  hei^t  of  the  itimip  from  A  to  D  i 
6i  inches,  and  the  inside-  width  between  the  ban 
three  inchea.  The  bottom  piece  shonld  be  aboot 
eighths  of  an  inch  thick,  and  hoDowed  out  ne 
quarter  of  an  inch  deep,  ao  ai  to  admit  the  glass 
ier  ficelj.  This  glass  C7linder  should  have  a  1 
iron  cover  O,  which  should  fit  the  mouth  of  it 
with  a  ahouUer  projectiiig  on  each  aide,  by  mi 
which  it  should  be  screwed  to  the  side  ban  of  tba 
and  thus  be  secured  always  in  the  laine  pontian 
cap  should  notpr«M  on  the  glasa  cylinder,  so  u 
vent  its  expansion.  The  mesBuiea  above  gir 
require  a  alight  modification,  accordiDg-  to  tbe  wi 
the  mercuiy  emplojed,  and  the  magnitude  of  tt 
dm:  the  final  adjnstment,  bowever,  may  be  m 
to  the  artist.  Bome  penona  have  recommende 
circular  piece  of  thick  plate  glasa  should  floaj 
BWfcuiy,  in  order  to  preaerre  its  sur&ce  uniforml 
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TliiB  wire  should  merely  rest  in  the  hole,  whereby  it 
may  be  easily  removed  when  it  is  required  to  detach  the 
pendulum  from  the  clock,  in  order  that  the  stirrup  mi^ht 
then  stand  securely  on  its  base.  One  of  the  screw 
hol^B  should  be  rather  larger  than  the  body  of  the 
acrew,  in  order  to  admit  of  a  small  adjustment,  in  case 
tiie  steel  wire  should  not  stand  exactly  perpendicular  to 
the  tada  of  motion.  The  scale  should  be  divided  into 
degne9^  and  not  inches,  observing  that  with  a  radius  of 
44  inches  (the  estimated  distance  from  the  bend  of  the 
■priug  to  the  end  of  the  steel  wire)  the  length  of  each 
degfiee  on  the  scale  must  be  0768  inch." 

In  order  to  determine  the  length  of  the  mercurial 
column  necessary  to  form  the  compensation  for  this  pen- 
dulum, we  must  proceed  in  the  following  manner :  — 

Let  us  suppose  the  length  of  the  steel  rod  and  stirrup 
together  to  be  42  inches.  The  absolute  expansion  of 
the  mercury  is  "OOOIOOIO ;  but  it  is  not  the  absolute 
expansion,  but  the  vertical  expansion  in  a  glass  cylinder, 
idiich  is  jaquired,  and  this  will  evidently  be  influenced 
by  the  expansion  of  the  base  nf  the  cylinder.  It  is  easi- 
ly demonstrable  that,  if  we  multiply  the  linear  expansion 
ef  any  substance  (always  supposed  to  be  a  very  small 
part  of  its  length)  by  3,  we  may  in  all  cases  take  the 
result  for  the  cubical  or  absolute  expansion  of  such 
substance.  In  like  manner,  if  we  multiply  the  linear 
expansion  by  2,  we  shall  have  the  superQpial  expansion. 

If  we  want  the  apparent  expansion  of  mercury,  the 
absolute  or  cubical  expansion  of  the  glass  vessel  must 
be  deducted  from  the  absolute  expansion  of  the  mercury, 
which  will  leave  its  excess  or  apparent  expansion.  In 
like  manner,  deducting  the  superficial  expansion  of  glass 
from  the  absolute  expansion  of  mercury,  we  shall  have 
its  relative  vertical  expansion.  Now,  taking  the  rate 
of  expansion  of  glass  to  be  •00000479,  and  multiplying 
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it  bj  3,  the  relative  vertical  expansion  of  the  met 
in  tb«  fflau  cylinder  will  be  -OOOIOOLO  —  -OOOOCS 


The  eKp«naion  of  b.  steel  rod,  according  to  onr 
ii  -OOOOOtSlKie ;  which,  divided  by  -00009053, 
•0703  for  the  len^  of  a  ccdumn  of  mercuiy,  the  e 
■ion  of  which  ia  equal  to  that  of  a  steel  n>d  1 
length  ii  unily. 

We  have  now  to  multiply  43  inchea  by  -O703, 
gives  2-95  inches ;  and  this,  deducted  from  &,  ] 
3^1  inches;  so  that  the  length  of  rod  we  have  c 
is  ■ufficiently  near  the  tnith.  Now,  double  fMSii 
and  add  one  tenth  of  itj  product,  and  we  ahall  bav 
inches  for  the  length  of  the  meTcuiial  column  fo 
the  requisite  compensation.  Mi.  Boilj'a  more  ac 
calculation  gives  6-31  inches. 

A  mercurial  compensation  pendulum  m&y  be  fl 
having  a  cylinder  of  steel  or  iron,  with  its  top  con 
ed  in  the  same  manner  as  the  top  of  the  admip,  s 
receive  the  screw  of  the  rod.  To  find  the  length 
mercurisl  column  necessary  in  a  pendulum  of  tl 
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lercmial  compensation  pendulum  having  a  rod  of 
\iBa  been  employed  by  the  writer  of  this  article, 
IBS  had  reason  to  think  well  of  its  performance, 
sapness  and  simplicity  much  recommend  it  It  is 
r  a  cylinder  of  glass  of  about  7  inches  in  depth, 
i  inches  diameter,  terminated  by  a  long  neck, 

forms  the  rod  of  the  pendulum,  the  whde  blown 

piece.  A  cap  of  brass  is  clamped  by  means  of 
B  to  the  top  of  the  rod,  and  to  this  the  pendulum 
'  is  pimied. 

!  have  unquestionable  authority  f0t  saving,  that  the 
irial  pendulum  of  the  usual  construction,  that  is, 
\  steel  rod  and  glass  cylinder,  is  not  affected  by 
age  of  temperature  simultaneously  in  all  its  parts. 

the  pendulum  of  which  we  are  treating  being 
d   throughout  of  the   same  material  in  a  single 

and  in  every  part  of  the  same  thickness,  it  is  pre- 
i  it  cannot  expand  in  a  linear  direction,  until  the 
trature  has  penetrated  to  the  whole  interior  surface 
e  glass,  when  it  is  rapidly  difiused  through  the 
of  mercury.  M.  Biot  mentions  that  a  pendulum  of 
ind  was  formerly  used  in  France,  and  expresses 
irprise  that  it  was  no  longer  employed,  as  he  had 

it  very  highly  spoken  of.  The  writer  of  this 
9  has  also  used  a  pendulum  with  a  glass  rod,  which 
s  from  that  we  have  just  mentioned,  in  having  the 
'  end  of  the  rod  firmly  fixed  in  a  socket  attached  to 
sntre  of  a  circular  iron  plate,  on  the  circumference 
lich  a  screw  is  cut,  which  fits  into  a  collar  of  iron, 
irting  the  cylinder  (to  which  it  is  cemented)  by 
s  of  a  circular  1^>. 

is  arrangement,  though  perhaps  less  perfect  than 
we  have  just  described,  the  pendulum  not  hiding  in 
piece,  has  the  advantage  of  allowing  a  circular 
of  glam  to  be  placed  upon  the  surface  of  the  mer- 
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cury,  U  practiaed  by  Mr-  Browne. 
lenRtb  of  a  column  of  mercuiy  for  a  gloM  pendilna, 
let  ui  Buppoiic  the  glass,  iocluding  the  cylinder,  to  be 
41  iiK'hrs  inlenfcth.  Hultiplying  thiB  by  -0539,  the  Dam- 
ber  tskvn  fri>ti)  Table  II.  for  a  glass  rod  and  meicnir  ii 
a  glasj  cylinder,  we  have  ^'17  inches  for  the  unconectej 
length  of  mercury,  irhicb  compensates  41  iochM  J 
glusa.  Suppose  the  ittccl  spring  to  be  one  inch  audi 
half  long:  niultipl^ing  tJiis  by  ■0703,  tlie  appropiiite 
(t(>(-itii.il  taken  rmiii  Tablo  II.,  we  have  O*],  the  length  of 
meicuiy  due  to  the  steel,  making  with  the  former!^ 
iui'hcs,  wliicli.  being  doubled,  and  the  product  inemwd 
by  its  one-tenth  part,  wc  obtain  live  inches  fbrlfaelngtli 
of  the  required  column  of  mercury. 

CompenMotioTi  Ptndulam  of  If'ood  attd  Ijead,<i»tt 

Principle  of  the  Mtirurial  Penduluat.' 
If  by  any  contrivance  wood  could  be  rendered  inpcr 

it  would  afford  one  of  the  n 
ientsubslancea  known  for  a  compensation  penduloni.   Ill 
does  not  ftppcar  that  Hiiffii;ienl  experiinenta  haTe  bl 
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leir  rates  of  expansion,  it  is  equally  applicable  to  the 
uxpose. 

Let  the  length  of  the  deal  rod  be  taken  at  46  inches. 
^hen,  to  find  the  length  of  the  cylinder  of  lead  to  com- 
ensate  this,  we  have,  in  Table  II.,  -1427  for  such  a 
endulum ;  which,  being  multiplied  by  46,  the  product 
oubled,  and  one  tenth  of  the  result  added  to  it,  gives 
4*44  inches  for  the  length  of  the  leaden  cylinder.  Mr. 
(ally's  compensation  gives  14*3  inches. 

The  rod  is  recommended  to  be  made  of  about  tlirce 
ighths  of  an  inch  in  dia^neter :  tlie  leaden  cylinder  is 
X  be  cast  with  a  hole  through  its  centre,  which  will  ad- 
lit  with  perfect  freedom  the  cylindrical  end  of  the  rod. 
'he  cylinder  is  supported  upon  a  nut,  which  screws  on 
le  end  of  the  rod  in  the  usual  manner.     This  pendulum 

represented  at  Jig.  224. 

Mr.  Baily  proposes  that  the  pendulum  should  bo 
Ijusted  nearly  to  tlic  given  rate  by  means  of  tlic  scr^jw 
.  the  bottom,  and  that  the  final  adjustment  be  made 
r  means  of  a  slider  moving  along  tlie  rod.  Indeed, 
.is  is  a  means  of  adjustment  which  v/e  would  rccom- 
end  to  be  employed  in  every  pendulum. 

Snieatati's  Pendulum. 

We  shall  conclude  our  account  of  compensation  pen- 
ilums  with  a  description  of  that  invented  by  Mr. 
meaton.  The  compensation  for  temperature  in  this 
sndulum  is  effected  by  combining  the  two  modes, 
hich  have  been  so  fully  described  in  the  preceding  part 
r  this  article. 

The  pendulum  rod  is  of  solid  glass,  and  is  furnished 
ith  a  steel  screw  and  nut  at  the  bottom  in  the  usual 
lanner.  Upon  the  glass  rod  a  hollow  cylinder  of.  zinc, 
boot  the  eighth  of  an  inch  thick,  and  about  12  inches 
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Icitifr,  pauei  finely,  and  reaU  upon  the  not  M  the  botbim 
nf  the  pendulum  rod. 

Over  the  zinc  cylinder  puses  a  tube  made  of  sheet- 
iron.  The  edge  of  this  tube  ai  the  top  is  tunied  in- 
wardH,  and  ia  notched  bo  as  to  allow  of  this  being 
effected.  A  flenche  ia  tliiis  formed,  by  which  the  iraa 
tube  is  supported,  upon  the  7inc  cylinder.  The  lower 
cd){e  of  the  iron  tube  U  turned  outwards,  so  u  to  tinm 
n  bawe  deiitini'd  to  support  a  leaden  cylinder,  which  we 
arc  about  to  describe. 

A  cylinder  of  Ics'l,  rather  more  than  12  inches  hmg, 
in  cast  with  a  hole  through  il!>  a\i:),  of  such  n  diameter  as 
to  allow  cif  ibj  xliiling  freely,  butwitliout  sliake,  upon  the 
iron  tube  over  which  it  pasKOs,  end  by  the  lower  extremi- 
ty of  nliii-h  it  is  supported. 

Now  tlic  zinc,  resting  upon  the  nut  and  expanding 
upwanlri,  will  raise  the  nholc  of  the  rctiiaining  part  of 
thi^  compi>nsatinn.  Thia  e:ipansion  upwards  will  be 
Klightly  countcructed  by  the  lessor  expansion  downwuda 
nt  the  iron  tube,  wliich  carries  witli  it  the  leaden  cvlin- 
dor.    The  cylinder  of  lead  now  act?  upon  the  principle 


OSAF.  XXI.  SMXATOn's  PBNDUI.Ulf.  381 
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screw  between  the  end  of  the  glaaa  rod  and  the  nnt  half 
idi  inch,  making  in  the  whole  two  inches  of  steel  and 
48  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
fhe  glass,  we  have,  from  Table  n.,  for  glass  and  zinc 
.  ^977%  which,  molttplied  hj  43,  gives  11*93  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  steel  0*74  of  sine,  which,  added  to  11*92,  gives  12*66 
inches  fcrr  the  total  length  of  the  zinc  cylinder. 

Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 
^e.  have  described,  the  compensation  will  be  perfect. 
^  To  prove  this,  find,  by  means  of  the  expansions  given 
in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 
■  tftances  employed  in  the  pendulum,  and  we  shall  have 
the  following  results : — 

Th6  ^xpuwion  of  12*66  inches  of  zinc  ex- 

panditag  upwards  is -0002186 

Deduct  that  of  12*66  inches  of  iron  expand- 
ing downwards *0000869 

Retnaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 
tube -0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
ox  inches  of  lead,  the  expansion  of  which 
upwards  is •0000955 

Total  expansion  of  tlie  compensation  up- 
wards         -0002272 
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To  find  the  expwwioa  of  the  rod,  we  hava 

the  ejtpanBioii  of  43  RKbea  of  glus  ,  .  ,  •< 
Of  twoincJies  of  Htcel ■( 

Total  cxpaiuion  of  the  pendulam  rod  .  .  .  ■( 
AirreeinK  neu  cnangh  with  th&t  of  the  compc 
before  found- 
As  we  conceive  wc  have  been  sufficiently  exi 
OUT  deHcription  of  this  penduluiii,  in  the  conatru 
whic)i  DO  difficulty  presents  itsdf,  we  think  an  ei 
rep)«sentation  of  it  would  be  mperfluoiie. 

We  have  hitherto  treated  only  of  compensal 
temperature ;  but  there  is  another  kind  of  emu 
has  been  sometimes  innisted  upon,  arlaing  from 
tion  in  the  density  of  the  atmosphere.  If  the  de 
t!ie  atmosphere  be  increased,  the  pendulum  wi 
riencc  a  greater  resistance,  the  sire  of  vilvetioi 
consequence  be  diminished,  aod  the  pendul 
vibrate  faster.  This,  however,  is  in  some  i 
countersclpd  by  the  increased  buoyancy  of  th 
sphere,  wliich,  acting  in  oppositicn  to  gravity,  oi 
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made  to  vibrate  in  a  cyxsloid,  the  time  of  its  vibration  in 
arcs  of  difierent  extent  would  then  remain  the  same. 
Hny^ens  and  others,  therefore,  endeavoured  to  effect 
this  by  placing  the  spring  of  the  pendulum  between 
.  eheeks  of  a  cycloidal  form. 

When  escapements  are  employed  which  do  not  in- 
sure an  unvarying  impulse  to  the  pendulum,  the  force 
aoay  be  unequally  transmitted  through  the  train  of  the 
clock  in  consequence  of  unavoidable  imperfections  of 
workmanship,  and  the  arc  of  vibration  may  suffer  some 
increase  or  diminution  from  this  cause.  To  discover  a 
.mnedy  for  this  is  certainly  desirable. 

The  writer  of  this  article  some  years  ago  imagined  a 
mode,  which  he  believes  has  also  been  suggested  by 
^others,  by  which  he  conceived  a  pendulum  might  be 
made  to  describe  an  arc  approaching  in  form  to  that  of 
a  cycloid.  The  pendulum  spring  was  of  a  triangular 
Ibfrn,  and  the  point  or  vertex  was  pinned  into  the  top  of 
the  pendulum  rod,  the  base  of  the  triangle  forming 
the  axis  of  suspension.  Now  it  is  evident  that  when 
the  pendulum  is  in  motion,  the  spring  wiD  resist  bending 
«t  the  axis  of  suspension,  with  a  force  in  some  sort  pro- 
portionate to  the  base  of  the  triangle. 

Suppose  the  pendulum  to  have  arrived  at  the  extent 
of  its  vibrations ;  the  spring  will  present  a  curved  ap- 
pearance ;  and  if  the  distance  from  the  point  of  suspen- 
sion to  the  centre  of  oscillation  be  then  measured,  it 
will  evidentiy,  in  consequence  of  the  curvature  of  the 
spring,  be  shorter  than  the  distance  from  the  point  of 
suspension  to  the  centre  of  oscillation,  measured  when 
the  pendulum  is  in  a  perpendicular  position,  and  conse- 
quently  when  the  spring  is  perfectly  straight 

The  base  of  the  triangle  may  be  diminished,  or  the 
spring  be  made  thinner ;  either  of  which  will  lessen  its 
eflfect.     We  cannot  say  how  this  phin  might  answer 
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die  of  the  top  (which  it  thii  put  is  ■.bout  on«  inch  iaef 
a  hola  must  be  drilled  iiifficieiitly  Urge  to  enable  tt 
icrew  of  the  lod  to  pus  Jrtdjf,  hut  without  efanbq 
The  inside  height  of  the  atimip  from  A  to  D  tnijrl 
84  inches,  uid  the  inside-  width  tietween  the  bui  iIm 
three  iochei.  The  bottom  piece  should  be  about  tbr 
eighths  of  ui  inch  thick,  and  hollowed  out  neulj 
quarter  of  sn  inch  deep,  so  u  to  «dimt  the  glut  cjl 
der  freelj.  This  glue  cylinder  should  have  a  biw 
iron  cover  G,  which  should  fit  the  mouth  of  it  frae 
with  a  shauldeT  projecting  on  each  ride,  by  meaiN 
which  it  should  be  screwed  to  the  aide  ban  of  thsMitn 
and  thus  be  secured  always  in  the  same  poaitica.  T 
cap  should  not  j>reM  on  the  glass  cylinder,  ao  as  top 
vent  its  expansion.  The  measures  above  given  n 
require  a  alight  modification,  according  to  the  wei^l 
the  mercury  employed,  and  the  magnitude  of  the  ej 
der:  the  final  adjuatjnent,  however,  may  be  aaiely 
to  the  artist.  Some  persons  have  recommended  ft 
circular  piece  of  thick  plate  glaas  should  float  on 
morcury,  in  order  to  preseri'c  ita  Furface  uniformly  lei 
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Tiiifl  wire  should  merely  rest  in  the  hde,  whereby  it 
may  be  easily  removed  when  it  is  required  to  detach  the 
pendulum  from  die  clock,  in  order  that  the  stirrup  might 
then  stand  securely  on  its  base.  One  of  the  screw 
hcdes  should  be  rather  larger  than  the  body  of  the 
■eiew,  in  order  to  admit  of  a  small  adjustment,  in  castf 
tiie  steel  wire  should  not  stand  exactly  perpendicular  to 
the  axis  of  motion.  The  scale  should  bo  divided  into 
Agnea^  and  not  inehts,  observing  that  with  a  radius  of 
44  inches  (the  estimated  distance  from  the  bend  of  the 
■pring  to  the  end  of  the  steel  wire)  the  length  of  each 
degree  on  the  scale  must  be  0768  inch." 

In  order  to  determine  the  length  of  the  mercurial 

jeolnmn  necessary  to  form  the  compensation  for  this  pen- 

Mnm,  we  must  proceed  in  the  following  manner :  — 

■         Let  us  suppose  the  length  of  the  steel  rod  and  stiirup 

'*    toother  to  be  43  inches.    The  absolute  expansion  of 

Ike  mercury  is  *00010010;   but  it  is  not  the  absolute 

'     ftpamdon,  but  the  vertical  expansion  in  a  glass  cylinder, 

^   ifhich  is  raquired,  and  this  will  evidently  be  influenced 

^  ^  by  the  expansion  of  the  base  of  the  cylinder.    It  is  easi* 

^  1^  demanstrable  that,  if  we  multiply  the  linear  expansion 

^   tf  any  substance  (always  supposed  to  be  a  very  small 

^  pert  of  its  length)  by  3,  we  may  in  all  cases  tako  the 

teenlt  for  the  cubical  or  absolute   expansion  of  such 

■obstance.    In  like  manner,  if  we  multiply  the  linear 

expansion  by  2,  we  shall  have  the  superQ|Dial  expansion* 

If  we  want  the  apparent  expansion  of  mercury,  the 

.  .abeolute  or  cubical  expansion  of  the  glass  vessel  must 

^l4>e  deducted  from  the  absolute  expansion  of  the  mercury, 

•"^rwhich  will  leave  its  excess  or  apparent  expansion.    In 

:e  manner,  deducting  the  superficial  expansion  of  glass 

the  absolute  expansion  of  mercury,  we  shall  have 

relative  vertical  expansion.     Now,  taking  the  rate 

expansion  of  glass  to  be  -00000479,  and  multiplying 
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it  bj  3,  the  relative  vertical  ezpuiaion  of  the  nm 
in  the  ffltua  cylinder  wiU  be  -OOOIOOIO  —  •OOOOOffi 
4000DOS2. 

The  expansion  of  a  steel  rod,  according  to  onr  < 
is  •00000UJo!)6 ;  whicli,  divided  by  -00009093, 
-0703  for  the  length  of  a  column  of  mercury,  the  e; 
sioa  of  wbkh  is  equal  to  that  of  a  ateel  rod  i 
]eng;th  is  unity. 

We  have  now  to  multiply  43  inchea  hf  -0703,  i 
give*  3^  inches ;  and  this,  deducted  from  4S,  1 
39"!  inches ;  so  that  the  len^  of  rod  we  have  c 
is  sufficiently  near  the  tnith.  Now,  double  d95u 
(ind  add  one  tenth  of  itd  product,  and  we  shall  hafi 
inches  for  the  length  of  the  mercurial  column  foi 
the  requisite  compensation.  Mr.  Baily'a  more  aci 
calculation  gives  6-31  inches. 

A  mercurial  compensation  pendulum  may  be  ft 
having  a  cylinder  of  steel  or  iron,  with  ita  top  com 
ed  in  the  asme  msnner  ss  the  top  of  the  Btirrup,  M 
teceive  the  screw  of  the  rod.  To  find  the  length ' 
mercurial  column  necessary  in  a  pendulum  of  th 
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A  mercurial  compensation  pendulum  having  a  rod  of 
glass  has  been  employed  by  the  writer  of  this  article, 
who  has  had  reason  to  think  well  of  its  performance. 
Its  cheapness  and  simplicity  much  recommend  it.  It  is 
merely  a  cylinder  of  glass  of  about  7  inches  in  depth, 
and  2h  inches  diameter,  terminated  by  a  long  neck, 
which  forms  the  rod  of  the  pendulum,  the  whole  blown 
in  one  piece.  A  cap  of  brass  is  clamped  by  means  of 
screws  to  the  top  of  the  rod,  and  to  this  the  pendulum 
spring  is  pinned. 

We  have  unquestionable  authority  for  saving,  that  the 
mercurial  pendulum  of  the  usual  construction,  that  is, 
with  a  steel  rod  and  glass  cylinder,  is  not  affected  by 
a  change  of  temperature  simultaneously  in  all  its  parts. 
Now,  the  pendulum  of  which  we    are  treating  being 
formed   throughout  of  the   same  material  in  a  single 
piece,  and  in  every  part  of  the  same  thickness,  it  is  pre- 
sumed it  cannot  expand  in  a  linear  direction,  until  the 
temperature  has  penetrated  to  the  whole  interior  surface 
of  the  glass,  when  it  is  rapidly  difiused  through  the 
mass  of  mercury.    M.  Biot  mentions  that  a  pendulum  of 
this  kind  was  formerly  used  in  France,  and  expresses 
his  surprise  that  it  was  no  longer  employed,  as  he  had 
lieard  it  very  highly  spoken  of.      The  writer  of  this 
article  has  also  used  a  pendulum  with  a  glass  rod,  which 
differs  from  that  we  have  just  mentioned,  in  having  the 
longer  end  of  the  rod  firmly  fixed  in  a  socket  attached  to 
tho  centre  of  a  circular  iron  plate,  on  the  circumference 
of  which  a  screw  is  cut,  which  fits  into  a  collar  of  iron, 
sapporting  the  cylinder  (to  which  it  is  cemented)  by 
Ty*fi*n«  of  a  circular  lip. 

This  arrangement,  though  perhaps  less  perfect  than 

c.  that  we  have  just  described,  the  pendulum  not  being  in 

^me  piece,  has  the   advantage  of  allowing  a   circular 

)lite  of  glass  to  be  placed  upon  the  surfisuse  of  the  mer- 
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ciUT,  u  practited  bj  Mr.  Bnwne.  To  detenmse  tte 
len^  of  «  coluDin  of  mercuiy  for  k  ^Ism  pendnh*, 
Jet  us  iupposc  tlie  ^laaa,  including  the  cjlinder,  to  be 
41  inrhca  in  Icnifth.  Multipljin;  tbis  by  -0529,  the  num- 
ber taken  frurii  Table  )I.  for  %  gUaa  rod  uid  mercurj'  id 
&  gloa^  cylindi>r,  wc  iiave  217  inchea  for  the  uncMreclel 
length  of  mercury,  wliicli  comperuBtei  41  iochn  of 
fflaas.  Suppose  the  !>tccl  spring  to  be  one  inch  audi 
half  long:  multiplying  tliia  by  -0703,  the  appropiiaK 
diH'imd  (skiMi  fruin  Tabic  IE.,  u'e  have  01,  the  length  t^ 
mercury  due  to  the  steel,  making  with  the  former  3^ 
iacltea,  which,  being  doubled,  and  the  product  inciewd 
by  its  one-tenth  part,  we  obtain  five  inches  fortbeleoglli 
of  the  required  column  of  mercury. 

Campemalion  Pendulum  of  Jf  ood  and  litad,  on  tte 
Prindpit  of  the  Mtreurial  Pefirfuium.' 

]f  by  any  contrivance  wooil  could  be  rendered  impei' 

would  afford  one  of 

'R  known  for  a  coiupenaation  pendulun 

does  not  appear  tliat  sufficient  oxperbnenta  have  bwi  I 
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their  rates  of  expansion,  it  is  equally  applicable  to  the 
purpose. 

Let  the  length  of  the  deal  rod  be  taken  at  46  inches. 
Then,  to  find  the  length  of  the  cylinder  of  lead  to  com- 
pensate this,  we  have,  in  Table  IL,  '1427  for  such  a 
pendulum ;  which,  being  multiplied  by  4G,  the  product 
doubled,  and  one  tenth  of  the  result  added  to  it,  gives 
14*44  inches  for  the  length  of  the  leaden  cylinder.  Mr. 
Baily's  compensation  gives  14*3  inches. 

The  rod  is  recommended  to  be  made  of  about  three 
eighths  of  an  inch  in  diameter :  the  leaden  cylinder  is 
to  be  cast  witli  a  hole  through  its  centre,  whicli  will  ad- 

i_'     mit  with  perfect  freedom  the  cylindrical  end  of  the  rod. 

^  The  cylinder  is  supported  upon  a  nut,  which  screws  on 
the  end  of  the  rod  in  the  usual  manner.    This  pendulum 

rj  is  represented  at  fie;,  224. 

^  Mr.  Baily  proposes  that  the  pendulum  should  bo 
adjusted  nearly  to  tlic  given  rate  by  means  of  tlio  scrow 
at  the  bottom,  and  that  tlie  final  adjustment  be  made 
by  means  of  a  slider  moving  along  tlie  rod.  Indeed, 
this  is  a  means  of  adjustment  which  we  would  recom- 
mend to  be  employed  in  every  pendulum. 

Sintaton^s  Pendulum. 

We  shall  conclude,  our  account  of  compensation  pen- 
dulums with  a  description  of  that  invented  by  Mr. 
Smeuton.  The  compensation  for  temperature  in  this 
pendulum  is  effected  by  combining  the  two  modes, 
which  liave  been  so  fully  described  in  tlie  preceding  part 
of  this  article. 

^       The  pendulum  rod  is  of  solid  glass,  and  is  furnished 

^  with  a  steel  screw  and  nut  at  the  bottom  in  the  usual 

^^  manner.     Upon  the  glass  rod  a  hollow  cylinder  of.  zinc, 

^^  about  the  eighth  of  an  inch  thick,  and  about  12  inches 


; 

(9: 


I 
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lonfT,  piMei  freely,  and  rests  upon  the  nnt  M  the  botUn      I 
of  the  pendulum  rod. 

Over  the  zinc  cylinder  puses  a  tube  nude  of  sbeet- 
iron.  The  edge  of  this  tube  at  the  top  ii  turned  in- 
wwde,  and  ia  notched  so  as  to  allow  of  this  being 
effected.  A  flanche  is  tlnis  formed,  by  which  the  iron 
tube  is  Hupportcil,  upon  the  iinc  cylinder.  The  lower 
edgfe  of  the  iron  tube  U  turned  outwards,  so  as  to  form 
a  base  dcstini'd  to  support  a  leaden  cylinder,  which  we 
nro  about  to  describe. 

A  cylinder  of  Icaif,  rather  more  tlian  12  inches  long, 
in  cast  with  a  hole  Ihroug-h  itn  axis,  of  such  a  diameter  a« 
to  allow  of  its  sliding  freely,  but  without  shake,  upon  the 
iron  tube  over  which  it  pa:jijcs,  end  by  the  lower  estrenu- 
ty  of  which  it  is  supported. 

Now  tJie  zinc,  resting  upon  the  nut  and  czpandiog 
upwards,  will  raise  tlie  whole  of  the  remaiaiag  parted' 
the  compensation.  This  pxpnnsion  upwards  will  be 
slightly  cottntcracted  by  the  leaser  expansion  downworda 
of  the  iron  tube,  which  carries  witli  it  the  leaden  cylin- 
der. Tlio  cylinder  of  IcnrI  now  acta  upon  the  principle 
nf  the  mercurial    pendulum,  anrl,  cipandinw  upwards, 
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screw  between  the  end  of  the  ghiM  rod  and  the  nat  half 
Idi  inch,  making  in  the  whole  two  inches  of  steel  and 
48  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
the  glass,  we  have,  from  Table  II.,  for  glass  and  zinc 
-9773»  which,  multiplied  by  43^  gives  1]*93  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  steel  0-74  of  zinc,  which,  added  to  11-93,  gives  12*66 
inches  fbr  the  total  length  of  the  zinc  cylinder. 

Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 
we  have  described,  the  compensation  will  be  perfect 
•  To  prove  this,  find,  by  means  of  the  expansions  given 
in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 
stances employed  in  the  pendulum,  and  we  shall  have 
the  following  results :  — 

Th6  Expulsion  of  13-66  inches  of  zinc  ex- 
panding upwards  is      '0003186 

Deduct  that  of  13*66  inches  of  iron  expand- 
ing downwards *0000869 

Remaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 
tube 0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
six  inches  of  lead,  the  expansion  of  which 
upwards  is -0000955 


Total  expansion  of    tlie    compensation    up- 
wards         -0003373 


io3 
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Ion;;,  passei  freely,  and  reala  upon  ihe  nut  at  the  IxAUm      I 
of  the  pendulum  rod. 

Over  the  zinc  cylinder  puses  a  tube  made  of  aheet-  ' 
iron.  The  edge  of  this  tube  at  the  top  is  turned  u- 
warde,  anil  is  notched  so  aa  to  allow  of  this  beiif 
effected.  A  flanche  is  thua  formed,  by  irhich  the  inn 
tube  is  supported,  upon  tlie  iinc  cylinder.  The  loirer 
ed|;e  of  the  iron  tube  id  turned  outvards,  ao  as  tofMia 
a  base  deatini-d  to  siipiiort  n  leaden  cylinder,  which  we 
are  about  to  describe. 

A  cylinder  of  lea'),  rather  more  tlian  12  inches  loof, 
is  cast  with  a  hole  through  its  axis,  of  such  a,  diameter  is 
to  allow  of  its  sliding  freely,  but  without  shake,  upon  the 
iron  lube  over  which  it  passes,  and  by  the  lower  extremi- 
ty of  which  it  is  supported. 

Non  tlic  !iuc,  resting  upon  the  nut  and  expanding 
upwards,  will  raise  tlie  kIioIc  of  the  rcmnining  part  of 
the  couipcnaation.  Thii  expansion  upwards  will  be 
bliglitly  counteracted  by  tlie  lesser  expansion  downwards 
of  the  iron  tube,  which  carries  with  it  the  leaden  cylin- 
der. The  cylinder  of  lead  now  acts  npon  the  princijde 
of  the   iiiercurinl    pendulum,  nnii,  expanding  upwards, 
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screw  between  the  end  of  the  ghiM  rod  and  the  nut  half 

'  Idi  inch,  making  in  the  whole  two  inches  of  steel  and 
48  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
the  glass,  we  have,  from  Table  II.,  for  glass  and  zinc 
-9773»  which,  multiplied  by  43^  gives  1]*99  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  sieel  0-74  of  zinc,  which,  added  to  11*93,  gives  12*66 

:  inches  ibr  the  total  length  of  the  zinc  cylinder. 

I      Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 

-,  we  have  described,  the  compensation  will  be  perfect 

'-  Taprove  this,  find,  by  means  of  the  expansions  given 

in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 

'  flteoces  en^iloyed  in  the  pendulum,  and  we  shall  have 
the  following  results :  -^ 

•  Tii6  Expulsion  of  12-66  inches  of  zinc  ex- 
panding upwards  is *0003186 

I>educt  that  of  12-66  inches  of  iron  expand- 
ing downwards *0000869 

=  Retnaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 

tube -0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
six  inches  of  lead,  the  expansion  of  which 
npwards  is "0000955 


Total  expansion  of    tlie    compensation    up- 
wards         -0002272 
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dia  «f  the  top  (vhich  it  thii  ptit  ia  mbout  one  ineli 
»  hole  must  be  diilled  rafficienll]'  Urge  to  enal 
aeiew  of  the  rod  to  pew  Jrt^,  but  without  «) 
1^  inside  hei^t  of  the  itimip  ttaat  A  to  D  i 
8i  tnchea,  mnd  tlie  inside-  width  between  the  bar 
three  inchee.  The  bottom  piece  ihould  be  abon 
eifhtb*  of  to  inch  thkk,  and  hollowed  ont  m 
quarter  of  an  inch  deep,  so  as  to  adniit  the  e'lan 
der  fnelj.  This  gl*"  cylinder  ihoold  have  a  1 
iron  cover  6,  which  ahonld  fit  the  mouth  of  it 
with  a  ahonlder  prqjectin|>  on  each  aide,  by  m 
which  it  tbould  be  acrewed  to  the  aide  ban  of  the 
and  thua  be  lecored  alwaya  in  the  Muno  poeitiaa 
cap  ahould  notprcM  on  tlie  g'laaa  cjUnder,  ao  ai 
rent  iti  expenaion.  The  measurei  above  giv 
tequiie  a  alight  modificatioii,  according  to  the  wi 
the  nwrcwy  einidoyed,  and  the  mBgnitnde  of  tl 
der:  the  final  adjnatmeDt,  bewerer,  may  be  ei 
to  the  artiat.  Bnne  peraona  have  recommende 
circular  piece  of  thick  plate  glasa  ahonld  floMi 
neicmy,  in  order  to  preserve  its  surface  nnifiwnd 
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This  wire  should  merely  rest  in  the  hoLcj  wherehy  it 
may  be  easUy  removed  when  it  is  required  to  detach  the 
pendulum  fix>m  the  clock,  in  order  that  the  stirrup  might 
then  stand  securely  on  its  base.  One  of  the  screw 
holes  should  be  rather  larger  than  the  body  of  the 
flciew,  in  order  to  admit  of  a  small  adjustment,  in  case 
the  steel  wire  should  not  stand  exactly  perpendicular  to 
the  axis  of  motion.  The  scale  should  be  divided  into 
degreesy  and  not  inches,  observing  that  with  a  radius  of 
44  inches  (the  estimated  distance  from  the  bend  of  the 
spring  to  the  end  of  the  steel  wire)  the  length  of  each 
degree  on  the  scale  must  be  0*768  inch." 

In  order  to  determine  the  length  of  the  mercurial 
eolunm  necessary  to  form  the  compensation  for  this  pen- 
dnlum,  we  must  proceed  in  the  following  manner :  — 

Let  us  suppose  the  length  of  the  steel  rod  and  stiimp 
together  to  be  43  inches.  The  absolute  expansion  of 
the  mercury  is  -00010010 ;  but  it  is  not  the  absolute 
expansion,  but  the  vertical  expansion  in  a  glass  cylinder, 
which  is  raquired,  and  this  will  evidently  be  influenced 
by  the  expansion  of  the  tase  of  the  cylinder.  It  is  easi* 
ly  demonstrable  that,  if  we  multiply  the  linear  expansion 
of  any  substance  (always  supposed  to  be  a  very  small 
part  of  its  length)  by  3,  we  may  in  all  cases  take  the 
result  for  the  cubical  or  absolute  expansion  of  such 
substance.  In  like  manner,  if  we  multiply  the  linear 
expansion  by  2,  we  shall  have  the  super^ial  expansion. 

If  we  want  the  apparent  expansion  of  mercury,  the 
absolute  or  cubical  expansion  of  the  glass  vessel  must 
be  deducted  from  the  absolute  expansion  of  the  mercury, 
which  will  leave  its  excess  or  apparent  expansion.  In 
like  manner,  deducting  the  superficial  expansion  of  glass 
from  the  absolute  expansion  of  mercury,  we  shall  have 
its  relative  vertical  expansion.  Now,  taking  the  rate 
of  expansion  of  glass  to  be  *00000479,  and  multiplying 
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it  bj  3,  the  relative  vertical  expuuion  of  the  memrT 
in  the  glaai  cylinder  will  be  -00010010  —  -00000058- 
•0000!K)52. 

The  expHiuion  of  a  steel  rod,  Kcording  to  our  table, 
is  -OUOUOIia^i'K  ;  which,  divided  by  -00009053,  prnt 
-0703  for  tlie  len|^  of  a  column  of  niercuiy,  the  eipia- 
Bion  of  which  is  equal  to  that  of  a  steel  rod  whoM 
length  is  unity. 

We  have  now  to  multiply  43  inches  by  -O708,  whkk 
giTca  S-D5  inches  ;  and  thia,  deducted  from  42,  Intv 
39*1  iuchcH  ;  ao  that  tlie  length  of  rod  we  have  choan 
is  BufGcicntly  near  the  truth.  Now,  double  S^inebes, 
and  add  one  tenth  of  iU  product,  and  we  shall  have  6*49 
inchcB  for  the  lengtli  of  the  mercurial  column  fbnuig 
the  requisite  cunipensation.  Ur.  Baily'a  more  accmtM 
calculation  gives  Ci-31  inches. 

A  mcrcurinl  compensation  pendulum   may  be  fomeJi 
having  a  cylinder  of  steel  or  iron,  with  ita  top  constnicl- 
3  the  lop  of  the  stirrup,  a 
e  the  ecrew  of  the  rod.     To  find  the  length  of  ibi  J 
ercurial  culumn  necesaary  in  a  pendulum  of  this  it-  \ 
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A  mercurial  compensation  pendulum  having  a  rod  of 
latt  has  been  employed  by  the  writer  of  this  article, 
ho  has  had  reason  to  think  well  of  its  performance. 
B  cheapness  and  simplicity  much  recommend  it.  It  is 
erely  a  cylinder  of  glass  of  about  7  inches  in  depth, 
yd  fH  inches  diameter,  terminated  by  a  long  neck, 
hich  forms  the  rod  of  the  pendulum,  the  whole  blown 
I  one  piece.  A  cap  of  brass  is  clamped  by  means  of 
srews  to  the  top  of  the  rod,  and  to  this  the  pendulum 
ning  is  pinned. 

We  have  unquestionable  authority  for  saving,  that  the 
kercuriol  pendulum  of  the  usual  construction,  that  is, 
ith  a  steel  rod  and  glass  cylinder,  is  not  affected  by 
change  of  temperature  simultaneously  in  all  its  parts. 
Tow,  the  pendulum  of  which  we  axe  treating  being 
irmed  throughout  of  the  same  material  in  a  single 
iece,  and  in  every  part  of  the  same  thickness,  it  is  pre- 
imed  it  cannot  expand  in  a  linear  direction,  until  the 
unperature  has  penetrated  to  the  whole  interior  surface 
r  the  glass,  when  it  is  rapidly  diffused  through  the 
lass  of  mercury.  M.  Biot  mentions  that  a  pendulum  of 
lis  kind  was  formerly  used  in  France,  and  expresses 
10  surprise  that  it  was  no  longer  employed,  as  he  had 
Bard  it  very  highly  spoken  of.  The  writer  of  this 
rticle  has  also  used  a  pendulum  with  a  ^lass  rod,  which 
ifiers  from  that  we  have  just  mentioned,  in  having  the 
>wer  end  of  the  rod  firmly  fixed  in  a  socket  attached  to 
[io  centre  of  a  circular  iron  plate,  on  the  circumference 
i*  which  a  screw  is  cut,  which  fits  into  a  collar  of  iron, 
upporting  the  cylinder  (to  which  it  is  cemented)  by 
Deans  of  a  circular  lip. 

This  arrangement,  though  perhaps  less  perfect  than 
hat  we  have  just  described,  the  pendulum  not  being  in 
me  piece,  has  the  advantage  of  allowing  a  circular 
date  of  glaM  to  be  placed  upon  the  surface  of  the  mer- 
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it  bv  2}  the  relative  vertical  expansion  of  the  nuiKar; 
in  the  glass  cylinder  will  be  -00010010  —  HXW00958- 
•00001)052. 

The  expsnaiun  of  a  steel  rod,  according  to  ooi  tMt, 
ia  -OOOOOti-ISllS ;  which,  divided  by  -OOOODOSi,  gaet 
■0703  for  the  length  of  ■  column  of  mercury,  the  expui- 
aion  of  which  ia  equal  to  that  of  a,  steel  rod  irhoie 
length  is  unity. 

We  have  now  to  multiply  42  inches  by  -0703,  ■whicii 
gives  2-95  inches ;  and  this,  deducted  from  42,  Imm 
39-1  inches  ;  bo  that  (lie  length  of  rod  wa  have  chosen 
is  Bullieienlly  near  the  truth.  Now,  double  S^Sincbee, 
and  add  one  tenth  of  it^  ]>roduct,  and  we  shall  have  6*49  I 
iochej  for  the  length  of  the  mercurial  column  forming 
the  requisite  compenaabon.  Mi.  Boily'a  i 
calculation  gives  &31  inches. 

rcuriol  compensation  pendulum   may  be  famei, 
hai-ing  a  cylinder  of  steel  or  iron,  with  its  top  c 

H  the  top  of  the  stirrup,  si 
B-  of  the  rod.     To  find  the  length  of  tire  I 
irial  column  necessary  in  a  pendulum  of  this  it-  J 
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L  mercurial  compensation  pendulum  having  a  rod  of 
IB  has  heen  employed  by  the  writer  of  this  article, 
>  has  had  reason  to  think  well  of  its  performance, 
cheapness  and  simplicity  much  recommend  it.  It  is 
■ely  a  cylinder  of  glass  of  about  7  inches  in  depth, 
di  inches  diameter,  terminated  by  a  long  neck, 
ch  forms  the  rod  of  the  pendulum,  the  whole  blown 
me  piece.  A  cap  of  brass  is  clamped  by  means  of 
)WB  to  the  top  of  the  rod,  and  to  this  the  pendulum 
ng  is  pinned. 

Ve  have  unquestionable  authority  for  saving,  that  the 
x^urial  pendulum  of  the  usual  construction,  that  is, 
ii  a  steel  rod  and  glass  cylinder,  is  not  affected  by 
liange  of  temperature  simultaneously  in  all  its  parts. 
nr,  the  pendulum  of  which  we  are  treating  being 
ned  throughout  of  the  same  material  in  a  single 
36,  and  in  every  part  of  the  same  thickness,  it  is  pre- 
led  it  cannot  expand  in  a  linear  direction,  until  the 
iperature  has  penetrated  to  the  whole  interior  surface 
the  glass,  when  it  is  rapidly  diffused  through  the 
Bs  of  mercury.  M.  Biot  mentions  that  a  pendulum  of 
I  kind  was  formerly  used  in  France,  and  expresses 
surprise  that  it  was  no  longer  employed,  as  he  had 
ird  it  very  highly  spoken  of.  The  writer  of  this 
tele  has  also  used  a  pendulum  with  a  glass  rod,  which 
fers  from  tliat  we  have  just  mentioned,  in  having  the 
rer  end  of  the  rod  firmly  fixed  in  a  socket  attached  to 
I  centre  of  a  circular  iron  plate,  on  the  circumference 
which  a  screw  is  cut,  which  fits  into  a  collar  of  iron, 
sporting  the  cylinder  (to  which  it  is  cemented)  by 
ans  of  a  circular  lip. 

rhis  arrangement,  though  perhaps  less  perfect  than 
it  we  have  just  described,  the  pendulum  not  being  in 
3  piece,  has  the  advantage  of  allowing  a  circular 
Ae  of  glass  to  be  placed  upon  the  surfiuse  of  the  mer- 
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CI117,  u  pnctiscd  bjr  Mr.  Browne.  To  detemune  the 
lenffth  of  ■  rolumn  of  mercuTr  for  a  {flua  pendnlnD, 
Ipt  us  lupiKKic  tlic  gltas,  iDclading  the  cylinder,  to  be 
4t  iiK-lic^  in  Icnirtli.  Multiplyingf  tbi*  by  -0539,  the  nun- 
ber  tak(>ii  friitn  Table  II.  for  %  giasa  rod  and  mercurj  ii 
ft ftlasd  ryliiider,  no  havo  217  inchei  for  the  UDCorrectcl 
leiiffth  (if  mercury,  which  compensatea  41  inchea  of 
fflaiu.  SuppoNe  the  iitccl  apring  to  be  one  inch  vdi 
half  long:  multiplying  tliis  by  -0703,  Uie  appropriiK 
di'1'iiii.il  lakcii  fniiii  Tabic  11.,  we  have  0-1,  the  length  1^ 
mercury  due  to  tlic  steel,  making  with  the  fanner  3*37 
inches,  whiclu  being-  doubled,  and  Ihe  product  increued 
by  its  une-tCDtli part,  wc  obtain  five  inches  fbrthe length 
of  the  required  column  of  mercury. 

Comptntation  Penduluat  0/  Jf'ood  and  Ltad,  m  tb 

Prindptt  of  tht  Mmurial  Pendulvm.' 
If  by  any  contrivance  wood  could  be  rendered  inpH- 
it  would  afford  one  of  the  mostconwo- 1 
ientaubsUnces known  for  a  couipensalion  penduluc 
does  not  appear  tbat  sufficient  cxperiitienla  have  beat 
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their  rates  of  expansion,  it  is  equally  applicable  to  the 
inirpose. 

Let  the  length  of  the  deal  rod  be  taken  at  46  inches. 
Then,  to  find  the  length  of  the  cylinder  of  lead  to  com- 
pensate this,  we  have,  in  Table  II.,  -1427  for  such  a 
pendulum ;  which,  being  multiplied  by  46,  the  product 
doubled,  and  one  tenth  of  the  result  added  to  it,  gives 
14*44  inches  for  the  length  of  the  leaden  cylinder.  Mr. 
Baily's  compensation  gives  14*3  inches. 

The  rod  is  recommended  to  be  made  of  about  three 
eighths  of  an  inch  in  diameter :  the  leaden  cylinder  is 
to  be  cast  with  a  hole  through  its  centre,  which  will  ad- 
mit with  perfect  freedom  the  cylindrical  end  of  the  rod. 
The  cylinder  is  supported  upon  a  nut,  which  screws  on 
the  end  of  the  rod  in  the  usual  manner.  This  pendulum 
is  represented  at  Jig,  224. 

Mr.  Baily  proposes  that  the  pendulum  should  be 
acyusted  nearly  to  tlie  given  rate  by  means  of  the  screw 
at  the  bottom,  and  that  the  final  adjustment  be  made 
bjr  means  of  a  slider  moving  along  the  rod.  Indeed, 
thia  is  a  means  of  adjustment  which  we  would  recom- 
mend to  be  employed  in  every  pendulum. 

Snieaton^s  Pendulum. 

We  shall  conclude,  our  account  of  compensation  pen- 
dulums with  a  description  of  that  invented  by  Mr. 
Smeaton.  The  compensation  for  temperature  in  this 
pendulum  is  eflfected  by  combining  the  two  modes, 
which  have  been  so  fully  described  in  the  preceding  part 
of  this  article. 

The  pendulum  rod  is  of  solid  glass,  and  is  furnished 
with  a  steel  screw  and  nut  at  the  bottom  in  the  usual 
manner.  Upon  the  glass  rod  a  hollow  cylinder  of.  zinc, 
about  the  eighth  of  an  inch  thick,  and  about  12  Inchea 

w 
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loDf;,  pksaei  fVeely,  and  reaCs  upon  the  not  at  the  bottoo 
or  the  pendulum  rod. 

Over  the  zinc  cylinder  puaea  &  tube  made  of  (beet- 
iron.  The  edge  of  this  tube  &t  the  top  la  turned  in- 
wards,  and  is  notched  bo  as  to  allow  of  tbia  being 
effected.  A  flancbe  is  tlius  formed,  bj  which  the  Inn 
tube  is  supported,  upon  the  -Anc  cylinder.  The  lower 
ed^e  of  the  iron  tube  u  turned  outwards,  ao  aa  to  form 
a  base  dcxtini'd  to  support  a  leaden  cylinder,  which  ire 
are  nbaut  to  lie  scribe. 

A  cylinder  of  Icail,  rather  more  tliui  13  inches  lonj', 
in  cast  with  a  hole  through  its  axis,  of  such  a  diameter  u 
to  allow  of  ita  sliiling  frpcly,  hut  without  shake,  upon  the 
iron  tube  orar  which  it  pasijca,  and  by  the  lower  extrenii- 
ty  of  which  it  ia  aiipported. 

Now  tlic  zinc,  resting  upon  the  nut  and  expanding 
iip»'anls,  will  raise  the  whole  of  the  rcinaining  part  of 
the  compensation.  This  expansion  upwards  will  be 
Hlightly  coiintePBCteil  by  the  lessor  e.vpansion  downwards 
of  the  iron  tube,  which  carries  with  it  the  lenden  crlin- 
dor.     The  cylinder  of  lead  now  acts  upon  the  principls 
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• 

screw  between  the  end  of  the  ghuw  rod  and  the  nut  half 

Ui  inch,  making  in  the  whole  two  inches  of  steel  and 

48  inches  of  glass. 

Now  lo  find  the  length  of  zinc  that  will  compensate 

the  ^ass,  we  have,  from  Table  II.,  for  glass  and  zinc 
.-9773»  which,  multiplied  by  43^  gives  1]*99  inches.    In 

like  manner  we  obtain  as  a  compensation  for  two  inches 

of  steel  0-74  of  zinc,  which,  added  to  11-93,  gives  12^ 
:  inches  ibrthe  total  length  of  the  zinc  cylinder. 
I      Now  if  the  iron  tube  and  the  lead  cylinder  be  each 

made  of  the  same  length  as  the  zinc,  and  arranged  as 

.  we  have  described,  the  compensation  will  be  perfect 

•  To.  prove  this,  find,  by  means  of  the  expansions  given 

in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 

fltaoces  employed  in  the  pendulum,  and  we  shall  have 

the  following  results  :-^ 

Tii6  Expulsion  of  13-66  inches  of  zinc  ex- 
panding upwards  i -0003186 

'  Deduct  that  of  13*66  inches  of  iron  expand- 
ing downwards *0000869 

Retnaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 
tube -0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 

mercurial  compensation,  subtract  one  tenth 

part  of  the  length  of  the  cylinder,  and 

take  half  the  remainder,  and  we  shall  have 

'       six  inches  of  lead,  the  expansion  of  which 

upwards  is -0000955 


f 


Total  expansion  of    tlie    compensation    up- 
wards         -0003373 


io3 
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To  find  the  expuiiion  of  the  rod,  we  have 

the  expansion  of  4.1  mcbea  of  g^Ma  .  .  .  -O009DS9 
Of  twoJiK-hcsof  steel -0000137 

Total  rxpuiitiion  of  the  pendulum  rod  .  .  .  -UOOQISS 
Apreeinfr  neir  enough  witli  lliat  of  tlie  compenBatioii 
before  found. 

As  wG  conceive  we  hftve  been  iufficientlf  explicit  in 
our  deacription  of  thia  pendulum,  in  the  conatnictioD  of 
whic)i  no  difficulty  presents  itself,  we  think  on  engnced 
representation  of  it  would  be  luperfluotiB. 

We  have  hitherto  treated  only  of  compenailioiu  Ibr 
temperature;  but  there  is  another  kind  of  error,  which 
has  been  somelimcfl  iniixted  upon,  arising  from  a  vaiie- 
tjon  in  the  density  of  the  atmosphere.  If  the  demitfof 
tlie  atmosplitn  be  incrpa-i.il,  the  penduluiu  will  eipe- 
I  greater  resistance,  the  arc  of  vibration  will  in 
conaequence  be  dinum^hed,  and  the  pendului 
vibrate  faster  This,  however,  is  i 
counteracted  by  the  increased  buoyancy  of  the  almo-  J 
sphere,  ubich,  acting'  in  oppofilicn  to  gravi 
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made  to  vibrate  in  a  cycloid,  the  time  of  its  vibration  in 

arcs  of  difierent  extent  would  then  remain  the  same. 

Hoygens  and  others,  therefore,  endeavoured  to  effect 

-this  by  placing  the  spring  of  the  pendulum  between 

.  efaeeks  of  a  cycloidal  form. 

When  escapements  are  employed  which  do  not  in- 
waae  an  unvarying  impulse  to  the  pendulum,  the  force 
toay  be  unequally  transmitted  through  the  train  of  the 
dock  in  consequence  of  unavoidable  imperfections  of 
warfcmanship,  and  the  arc  of  vibration  may  suffer  some 
iaerease  or  diminution  from  this  cause.  To  discover  a 
.lemedy  for  this  is  certainly  desirable. 

The  writer  of  this  article  some  years  ago  imagined  a 
■K)de,  which  he  believes  has  also  been  suggested  by 
■^tiMn,  by  which  he  conceived  a  pendulum  might  be 
made  to  desoribe  an  arc  approaching  in  form  to  that  of 
m  cycloid.  The  pendulum  spring  was  of  a  triangular 
Ibnn,  and  the  point  or  vertex  was  pinned  into  the  top  of 
flfte  pendulum  rod,  the  base  of  the  triangle  forming 
the  axis  of  suspension.  Now  it  is  evident  that  when 
liie  pendulum  is  in  motion,  the  spring  will  resist  bending 
«t  the  axis  of  suspension,  with  a  force  in  some  sort  pro- 
portionate to  the  base  of  the  triangle. 

Suppose  the  pendulum  to  have  arrived  at  the  extent 
of  its  vibrations ;  the  spring  will  present  a  curved  ap- 
pearance ;  and  if  the  distance  from  the  point  of  suspen- 
cion  to  the  centre  of  oscillation  be  then  measured,  it 
wiU  evidently,  in  consequence  of  the  curvature  of  the 
spring,  be  shorter  than  the  distance  from  the  point  of 
suspension  to  the  centre  of  oscillation,  measured  when 
the  pendulum  is  in  a  perpendicular  position,  and  conse- 
quently when  the  spring  is  perfectly  straight 

The  base  of  the  triangle  may  be  diminished,  or  the 
spring  be  made  thinner ;  either  of  which  will  lessen  its 
effbct     We  cannot  say  how  this  plan  might  answer 

w3 
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upon  Airther  trial,  u  sufficient   experiments   trvK 
made  at  the  thne  to  autbcnize  a  decisivi;  cooclueion. 

Wo  havethiia  completed  our  account  of  compena 
pcnduluiuH  ;  but  before  wo  conclude,  it  maj  not  be  i 
ccptoblc  if  wc  offer  a  few  remarks  ou  some  points  « 
may  be  found  of  practical  utilitji. 

Tiie  rock  of  tlic  pendulum  should  he  fimdj 
either  to  die  irall  or  to  the  case  of  the  clock,  and  d 
the  clock  itself,  as  is  Kimetimes  done,  and  whicb 
occasiotwd  much  irrejiulBrity  in  its  rate,  from  the 
tion  conuniinirated  to  the  point  of  auspensioD. 
prefer  a  bracket  or  shelf  of  cast  iron  or  broaa, 
which  the  clock  nuiy  be  fixed,  and  the  cock  carTjinj 
pendulum  attached  lo  its  perpendicular  back, 
bracket  may  eitherbc  screired  to  the  bock  of  the  c 
case,  or,  which  is  the  better  mods,  securely  fixed  t 
wall ;  ojid  if  the  latter  be  adopted,  the  whole  mi 
defended  froin  the  atmosphere,  or  from  diut,  bj 
clock-case,  which  thus  lias  no  cannection  either 
the  clock  or  witli  tjie  pendulum. 

The  point  of  suspension  should  be  distinctly  de 
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firmly  &ed  to  the  rod,  if  the  fonn  of  the  pendulum 
will  admit  of  it,  by  a  pin  or  screw  passing  through  its 
centre. 

The  more  delicate  adjustment  may  be  completed  by 
flhifting  the  place  of  the  slider  with  which  the  pendulum 
is  pupposed  to  be  furnished  on  the  rod. 

Mr.  Browne  (of  whom  we  have  before  epoken)  prac- 
tises the  following  very  delicate  mode  of  adjustment  for 
rate,  which  will  be  found  extremely  covenient,  as  it  is 
not  necessary  to  stop  the  pendulum  in  order  to  make  the 
required  alteration.  Having  ascertained,  by  experiment, 
the  effect  produced  on  the  rate  of  the  clock,  by  placing 
a  weight  upon  the  bob  equal  to  a  given  number  of  grains, 
he  prepares  certain  smaller  weights  of  sheet-lead, 
which  are  turned  up  at  the  corners,  that  they  may  be 
conveniently  laid  hold  of  by  a  pair  of  forceps,  and  the 
effbet  of  these  small  weights  on  the  rate  of  the  clock 
will  be,  of  course,  known  by  proportion.  The  rate  being 
supposed  to  be  in  defect,  the  weights  necessary  to  cor- 
Tect  this  may  be  deposited,  without  difficulty,  upon  the 
bob  of  the  pendulum,  or  upon  some  convenient  plane 
surface,  placed  in  order  to  receive  them :  and  should  it 
be  necessary  to  remove  any  one  of  the  weights,  this  may 
readily  be  done  by  employing  a  delicate  pair  of  forceps, 
without  producing  the  slightest  disturbance  in  the  mo« 
tion  of  the  peudidum. 
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die  of  the  top  (which  at  thu  pert  ii  about  one  inch  deep) 
a  hole  must  be  drilled  Gofficientlf  large  to  enable  the 
Bcrev  of  the  rod  to  pass  /redy,  but  without  Aakiag. 
The  inside  heiffht  of  the  atimip  from  A  to  D  m^  be 
81  inchee,  and  the  inside-  width  between  the  bars  about 
three  inches.  The  bottom  piece  should  be  about  three 
eighths  of  an  inch  thick,  and  hollowed  out  nearlj  i 
quarter  of  an  inch  deep,  so  as  to  admit  the  glaaa  cjlin- 
dcr  freelj.  This  glass  cylinder  should  have  a  brueo' 
iron  cover  G,  which  should  fit  the  mouth  of  it  Ireel;, 
vith  a  sfaoulder  projecting  on  each  side,  by  meaiH  itf 
which  it  should  be  screwed  to  tlio  side  bars  of  the  stimip, 
and  thus  be  secured  alwajR  in  the  same  position.  This 
cap  ehould  not  p-M»  on  the  glass  cylinder,  bo  as  to  pra- 
vent  its  expansion.  The  measures  nbove  given  miy 
require  a  slight  modification,  according  to  the  weight  of 
the  mercury  employed,  and  llie  magnitude  of  the  cylin- 
der: the  final  adjustment,  however,  may  be  safely  left 
to  the  artist.  Some  persons  have  recommended  thtti 
circular  piece  of  thick  plate  glass  should  float  on  Ihf 
mercury,  in  order  to  presen't;  its  surface  uniformly  level* 
The  part  at  the  bottom  marked   H  is  a   piece   of  bnw  I 
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This  wire  should  merely  rest  in  the  hole,  whereby  it 
may  be  easily  removed  when  it  is  required  to  detach  the 
pendulum  from  the  clock,  in  order  that  the  stirrup  might 
then  stand  securely  on  its  base.  One  of  the  screw 
holes  should  be  rather  larger  than  the  body  of  the 
■crew,  in  order  to  admit  of  a  small  adjustment,  in  case 
the  steel  wire  should  not  stand  exactly  perpendicular  to 
the  axis  of  motion.  The  scale  should  be  divided  into 
degrees,  and  not  inches,  observing  that  with  a  radius  of 
44  inches  (the  estimated  distance  from  the  bend  of  the 
■priug  to  the  end  of  the  steel  wire)  the  length  of  each 
degree  on  the  scale  must  be  0*768  inch." 

In  order  to  determine  the  length  of  the  mercurial 
column  necessary  to  form  the  compensation  for  this  pen- 
dulum, we  must  proceed  in  the  following  manner :  — 

Let  us  suppose  the  length  of  the  steel  rod  and  stirrup 
together  to  be  42  inches.  The  absolute  expansion  of 
the  mercury  is  -00010010 ;  but  it  is  not  the  absolute 
expansion,  but  the  vertical  expansion  in  a  glass  cylinder, 
v^ich  is  raquired,  and  this  will  evidently  be  influenced 
by  the  expansion  of  the  tase  of  the  cylinder.  It  is  easi- 
ly demonstrable  that,  if  we  multiply  the  linear  expansion 
of  any  substance  (always  supposed  to  be  a  very  small 
part  of  its  length)  by  3,  we  may  in  all  cases  take  the 
result  for  the  cubical  or  absolute  expansion  of  such 
substance.  In  like  manner,  if  we  multiply  the  linear 
expansion  by  2,  we  shall  have  the  superQpial  expansion. 

If  we  want  the  apparent  expansion  of  mercury,  the 
absolute  or  cubical  expansion  of  the  glass  vessel  must 
be  deducted  from  the  absolute  expansion  of  the  mercury, 
which  will  leave  its  excess  or  apparent  expansion.  In 
like  manner,  deducting  the  superficial  expansion  of  glass 
from  the  absolute  expansion  of  mercury,  we  shall  have 
its  relative  vertical  expansion.  Now,  taking  the  rate 
of  expansion  of  glass  to  be  -00000479,  and  multiplying 
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it  bf  3,  the  relttive  vertical  expwwon  of  the  men 
in  the  giBH  cyUoder  wiU  be  -00010010  —  -0000085 


The  expulsion  of  n  steel  rod,  sccording  to  our  t 
u  -00000G35U6 ;  which,  divided  by  •000090S3,  ( 
-0703  for  the  leo^  of  a  coIumD  of  mercury,  the  ei 
■ion  of  which  is  equal  to  that  of  a  ateel  nd  w 
length  is  uoity. 

We  have  now  to  multiply  43  inches  by  -0709,  » 
give*  345  inches ;  and  this,  deducted  from  411,  U 
39-1  inches  j  so  that  the  length  of  rod  ws  hav«  cli 
is  sufficiently  near  the  truth.  Now,  double  ftOSiai 
and  add  one  tenth  of  itj  product,  and  we  shall  htfe 
inches  for  the  length  of  the  mercurial  cidiimn  for 
the  requisite  compensation.  Mr.  Baily'e  nxwc  ace 
calculation  gives  6-31  inches. 

A  Btercurial  compensation  pendulum  may  be  fbi 
having  a  cylinder  of  steel  or  iron,  with  its  top  cons 
ed  in  the  same  manner  as  the  top  of  the  stiirup,  so 
receive  the  screw  of  the  rod.  To  find  the  length  < 
DMrcurial  column  necessary  in  a  pendulum  of  Ihi 
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A  mercurial  compensotioii  pendulum  haymg  a  rod  of 
jrlatfl  has  been  employed  by  the  writer  of  this  article, 
who  has  had  reason  to  think  well  of  its  performance. 
!ts  cheapness  and  simplicity  much  recommend  it  It  is 
nerely  a  cylinder  of  glass  of  about  7  inches  m  depth, 
ind  di  inches  diameter,  terminated  by  a  long  neck, 
irhich  forms  the  rod  of  the  pendulum,  the  whole  blown 
\n  one  piece*  A  cap  of  brass  is  clamped  by  means  of 
icrews  to  the  top  of  the  rod,  and  to  this  the  pendulum 
ipring  is  pinned. 

We  have  unquestionable  authority  for  saving,  that  the 
mercurial  pendulum  of  the  usual  construction,  that  is, 
irith  a  steel  rod  and  glass  cylinder,  is  not  affected  by 
a  change  of  temperature  simultaneously  in  all  its  parts. 
N'ow,  the  pendulum  of  which  we  are  treating  being 
formed  throughout  of  the  same  material  in  a  single 
piece,  and  in  every  part  of  the  same  thickness,  it  is  pre- 
sumed it  cannot  expand  in  a  linear  direction,  until  the 
»niperature  has  penetrated  to  the  whole  interior  surface 
>f  the  glass,  when  it  is  rapidly  difiused  through  the 
OQAfis  of  mercury.  M.  Biot  mentions  that  a  pendulum  of 
iiis  kind  was  formerly  used  in  France,  and  expresses 
Ids  surprise  that  it  was  no  longer  employed,  as  he  had 
leard  it  very  highly  spoken  of.  The  writer  of  this 
ixticle  has  also  used  a  pendulum  with  a  ^lass  rod,  which 
differs  from  that  we  have  just  mentioned,  in  having  the 
lower  end  of  the  rod  firmly  fixed  in  a  socket  attached  to 
kbo  centre  of  a  circular  iron  plate,  on  the  circumference 
ot*  which  a  screw  is  cut,  which  fits  into  a  collar  of  iron, 
supporting  the  cylinder  (to  which  it  is  cemented)  by 
means  of  a  circular  lip. 

This  arrangement,  though  perhaps  less  perfect  than 
that  we  have  just  described,  the  pendulum  not  being  in 
one  piece,  has  the  advantage  of  allowing  a  circular 
^ate  of  glass  to  be  placed  upon  the  surface  of  the  mer- 


r  HXGHAinci.      CUV.  ni. 


To 


GII17,  u  pnctiaed  bjr  Mr.  Browne. 
]en{[th  of  I.  column  of  mercury  for  a  glam  penddiim, 
let  ua  Buppoac  tlie  g\aaB,  ioctuduig  the  cylinder,  to  be 
41  inches  in  length.  Multiplying  this  by  <)5SS,  the  duid- 
ber  token  from  Table  II.  for  a.  glass  rod  and  metcury  in 
a  gloaj  cylinder,  ire  have  2- 17  inches  for  the  oncorrecUJ 
length  of  mercury,  wiiicfa  compensates  41  inches  of 
glass.  Suppose  the  steel  spring  to  be  one  inch  audi. 
half  Inng:  multiplying'  tlits  by  -0703,  tlie  appnqniate 
derimni  taken  Imm  Tabic  II.,  we  have  0-1,  the  length  dT 
mercury  due  to  the  steel,  making  with  the  former  !K7 
inches,  wliicli.  being  doubled,  and  the  product  incieawd 
by  its  one-tcntli pert,  we  obtain  five  inchea  forthelenfth 
of  the  required  colunui  of  mercury. 


Coittpeiiaation  Pendulum  of  Witod  and  Lead,  0 
Principh  of  the  Mereurial  Pendulum.' 


Uu 


If  by  any  contrivance   wood  could  be  n 
o  moisture,  il  would  aflbrd  one  of  th 
ient3ub3tJincea known  for  a  coiupensalion  pendulur 
does  not  appear  tliat  sufficient  Pxperiinenta  havo  beei  I 


_     4 
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their  rates  of  expansion,  it  is  equally  applicable  to  the 
purpose. 

Let  the  length  of  the  deal  rod  be  taken  at  46  inches. 
Then,  to  find  the  length  of  the  cylinder  of  lead  to  com- 
pensate this,  we  have,  in  Table  II.,  '1427  for  such  a 
pendulum ;  which,  being  multiplied  by  46,  the  product 
doubled,  and  one  tenth  of  the  result  added  to  it,  gives 
14'44  inches  for  the  length  of  the  leaden  cylinder.  Mr. 
Baily's  compensation  gives  14*3  inches. 

The  rod  is  recommended  to  be  made  of  about  tliree 
eighths  of  an  inch  in  diameter :  the  leaden  cylinder  is 
to  be  cast  with  a  hole  through  its  centre,  which  will  ad- 
mit with  perfect  freedom  the  cylindrical  end  of  the  rod. 
The  cylinder  is  supported  upon  a  nut,  which  screws  on 
the  end  of  the  rod  in  the  usual  manner.  This  pendulum 
is  represented  at  Jig,  224. 

Mr.  Baily  proposes  that  the  pendulum  should  be 
adjusted  nearly  to  tlie  given  rate  by  means  of  the  screw 
at  the  bottom,  and  that  the  final  adjustment  be  made 
by  means  of  a  slider  moving  along  the  rod.  Indeed, 
this  is  a  means  of  adjustment  which  v;e  would  recom- 
mend to  be  employed  in  every  pendulum. 

SmtatorCs  Pendulum. 

We  shall  conclude  our  account  of  compensation  pen- 
dulums with  a  description  of  that  invented  by  Mr. 
Smeaton.  The  compensation  for  temperature  in  this 
pendulum  is  eflectcd  by  combining  the  two  modes, 
which  have  been  so  fully  described  in  the  preceding  part 
of  this  article. 

The  pendulum  rod  is  of  solid  glass,  and  is  furnished 

with  a  steel  screw  and  nut  at  the  bottom  in  the  usual 

manner.     Upon  the  glass  rod  a  hollow  cylinder  of.  zinc, 

about  the  eighth  of  an  inch  thick,  and  about  12  Inchea 

w 
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long,  panel  treelj,  and  reata  upon  the  oat  at  the  bottoia 
of  the  pendulum  rod. 

Over  the  zinc  cylinder  passes  a  tube  made  of  abeet- 
iTon.  The  edge  of  this  tuba  at  the  top  is  turned  in- 
wards,  and  is  notched  so  as  to  allow  of  this  being 
efibcted.  A  flnnchc  is  thus  formed,  by  which  the  iraa 
tub«  is  Bupported,  upon  the  ;.inc  cylinder.  The  lower 
edge  of  the  iron  tube  ia  turned  outwards,  bo  as  to  fbim 
a  base  destined  to  sup|)ort  n  leaden  cylinder,  which  ire 
ore  about  to  ilcscrjbe. 

A  cylinder  of  lea'!,  rather  more  tliau  IS  inches  hag, 
is  cast  with  a.  hole  through  itn  axis,  of  such  a  diameter  aa 
to  allow  of  its  sliding  freely,  but  without  shake,  upon  the 
iron  tube  over  which  it  passes,  and  by  the  lower  extremi- 
ty of  which  it  is  supported. 

Now  the  zinc,  resting  upon  lite  nut  and  expanding 
upwards,  will  raise  the  wbole  of  the  remaining  [art  of 
the  compensation.  TWis  expansion  upwards  will  be 
slightly  counteracted  by  the  leaser  expansion  downwards 
of  the  iron  tube,  which  carries  witli  it  tiie  leaden  cjlin- 
der.     The  cylinder  of  load  now  acts  upon  the  princi|de 
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screw  between  the  end  of  the  glass  rod  and  the  nut  half 
Kb  inch,  making  in  the  whole  two  inches  of  steel  and 
43  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
the  gl&ss,  we  have,  from  Table  II.,  for  glass  and  zinc 
-S773»  which,  multiplied  by  43,  gives  11*92  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  steel  0*74  of  zinc,  which,  added  to  11*93,  gives  VtGG 
inches  fbr  the  total  length  of  the  zinc  cylinder. 

Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 
we  have  described,  the  compensation  will  be  perfect. 
-  To  prove  this,  find,  by  means  of  the  expansions  given 
in  Table  I.,  tlie  actual  expansion  of  each  of  the  sub- 
stances employed  in  the  pendulum,  and  wc  shall  have 
the  following  results :  — 

The  expansion  of  12*66  inches  of  zinc  ex- 
panding npwards  is       *000218G 

Deduct  that  of  12*66  inches  of  iron  expand- 
ing downwards •0000869 

Remaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  tlie  iron 
tube 0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
six  inches  of  lead,  the  expansion  of  which 
upwards  is •0000i)55 

Total  expansion  of  tlio  compensation  up- 
wards         *0002272 
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lonfT,  p«nea  freely,  and  reata  npon  the  ant  at  the  btttam 

nf  the  pendulum  rod. 

Over  the  zinc  cyUndeT  puses  a,  tube  made  of  duel- 
iron.  Tlic  edge  of  thiH  tube  at  the  top  is  turned  in- 
wards,  and  is  notched  bo  aa  to  allow  of  this  being 
effected.  A  flonche  is  time  formed,  by  which  the  iniu 
tube  is  supported,  upon  the  iinc  cylinder.  The  lower 
edge  of  the  iron  tube  ia  turned  outwards,  so  as  to  form 
N  base  de!<tini?d  lo  snp|>ort  n  leaden  cylioder,  which  ve 
nrc  about  lo  dcxcribe. 

A  cylinder  cjf  Icb'I,  mthcr  inore  tlian  13  inches  long, 
is  cast  with  a  liule  through  il?  axis,  of  such  a  diaineler  u 
to  allow  of  ita  sliding  fri'dy,  but  without  shake,  upon  the 
iron  tube  over  wliich  it  pusiseB,  and  by  the  lower  extremi- 
ty of  which  ii  in  supported. 

Now  tlic  yiiic,  resting  upon  the  nut  and  expemding 
upwanls,  will  raise  tlie  whole  of  tlic  remaining  part  of 
Ihi!  coiiiponsatton.  This  rxpanslon  upwards  will  be 
Hlightly  countemctcd  by  the-  lesser  expansion  downwards 
of  the  iron  tube,  which  carries  with  it  the  leaden  cylin- 
der.    The  cylinder  of  load  now  acts  upon  the  principls 
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• 

screw  between  the  end  of  the  gkss  rod  and  the  nut  half 
ftH  inch,  making  in  the  whole  two  inches  of  steel  and 
48  inches  of  glass. 

Now  to  find  the  length  of  zinc  that  will  compensate 
the  glass,  we  have,  from  Table  IT.,  for  glass  and  zinc 
-3773y  which,  multiplied  by  43,  gives  1]*92  inches.  In 
like  manner  we  obtain  as  a  compensation  for  two  inches 
of  steel  0*74  of  zinc,  which,  added  to  11-93,  gives  12-66 
inches  fbr  the  total  length  of  the  zinc  cylinder. 

Now  if  the  iron  tube  and  the  lead  cylinder  be  each 
made  of  the  same  length  as  the  zinc,  and  arranged  as 
we  have  described,  the  compensation  will  be  perfect 
•  To  prove  this,  find,  by  means  of  the  expansions  given 
in  Table  I.,  the  actual  expansion  of  each  of  the  sub- 
stances employed  in  the  pendulum,  and  we  shall  have 
the  following  results :  — 

The  Expansion  of  13*66  inches  of  zinc  ex- 

panditagr  upwards  is -0002186 

Deduct  that  of  12*66  inches  of  iron  expand- 
ing downwards "0000869 

Remaining  effect  of  expansion  upwards,  re- 
ferred to  the  lower  extremity  of  the  iron 
tube -0001317 

Now,  for  the  lead.  —  On  the  principle  of  the 
mercurial  compensation,  subtract  one  tenth 
part  of  the  length  of  the  cylinder,  and 
take  half  the  remainder,  and  we  shall  have 
six  inches  of  lead,  the  expansion  of  which 
upwards  is "0000955 


Total  expansion  of    tlie    compensation    up- 
wards        -0002272 
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To  find  the  expuuion  of  the  rod,  -we  hftve 

the  expaiuion  of  49  inchei  of  glua  .  .  .  -i 
Of  two  inclics  of  Blcel ■( 

Total  expansion  of  the  pendulum  rod  ...  -I 
A^reeinfT  near  enough  with  lh«t  of  the  cimipe 
before  found. 

Ab  ve  conceive  we  have  been  sufficient];  exf 
our  dDBciiption  of  this  pendulum,  in  the  conBtrU' 
which  no  difficult  presents  itself  we  think  an  ei 
represent&lion  of  it  would  be  auperflnoua. 

We  have  hitherto  treated  only  of  compensat 
temperature ;  but  there  is  another  kind  of  erroi 
has  boen  sometimes  insisted  upon,  arising  from 
tioD  in  the  denaity  of  the  atmoaphere.  If  th«  de 
tlie  atmosphere  be  increased,  the  pendulum  wi 
ricnce  a  greater  resiatance,  the  arc  of  vibratioi 
consequence  be  diminished,  and  the  penduli 
vibratn  faster.  This,  however,  is  in  some  t 
counteracted  by  the  increased  buoyancy  of  thi 
sphere,  whicli,  acting  in  opposilicn  to  gravity,  <x 
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made  to  vibrate  in  a  cycloid,  the  time  of  its  vibration  in 
arcs  of  different  extent  would  then  remain  the  same. 
Hnygens  and  others,  therefore,  endeavoured  to  effect 
this  by  placing  the  spring  of  the  pendulum  between 
.  ebeeks  of  a  cycloidal  form. 

When  escapements  are  employed  which  do  not  in- 
«aie  an  unvarying  impulse  to  the  pendulum,  the  force 
tooKf  be  unequally  transmitted  through  the  train  of  the 
«sl(x;k  in  consequence  of  unavoidable  imperfections  of 
woriananship,  and  the  arc  of  vibration  may  suffer  some 
iaerease  or  diminution  from  this  cause.  To  discover  a 
.ynoedy  for  this  is  certainly  desirable. 

The  writer  of  this  article  some  years  ago  imagined  a 
■K>de,  which  he  believes  has  also  been  suggested  by 
•^likere,  by  which  he  conceived  a  pendulum  might  be 
made  to  describe  an  arc  approaching  in  form  to  that  of 
m  cycloid.  The  pendulum  spring  was  of  a  triangular 
Ibfrn,  and  the  point  or  vertex  was  pinned  into  the  top  of 
flie  pendulum  rod,  the  base  of  the  triangle  forming 
the  axis  of  suspension.  Now  it  is  evident  that  when 
Hw  pendulum  is  in  motion,  the  spring  will  resist  bending 
«t  the  axis  of  suspension,  with  a  force  in  some  sort  pro- 
portionate to  the  base  of  the  triangle. 
'  Suppose  the  pendulum  to  have  arrived  at  the  extent 
of  its  vibrations ;  the  spring  will  present  a  curved  ap- 
pearance ;  and  if  the  distance  from  the  point  of  suspen- 
sion to  the  centre  of  oscillation  be  then  measured,  it 
will  evidently,  in  consequence  of  the  curvature  of  the 
spring,  be  shorter  thaoi  the  distance  from  the  point  of 
suspension  to  the  centre  of  oscillation,  measured  when 
tiie  pendulum  is  in  a  perpendicular  position,  and  conse- 
quently  when  the  spring  is  perfectly  straight. 

The  base  of  the  triangle  may  be  diminished,  or  the 
luring  be  made  thinner ;  either  of  which  will  lessen  its 
«ffbct     We  cannot  say  how  this  plan  might  answer 
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upon  further  trial,  aa  sufficient  experiments  were  not 
DiailG  at  tlie  time  to  authorize  a  decUivn  conclusion. 

We  hnvG  thns  cani]>Ieted  our  account  of  compeBmlio& 
pendulums  ;  but  before  wo  conclude,  it  may  not  be  nue- 
ccptabtc  if  \rc  offer  a  fcu'  reinarkB  on  Bome  points  whkb 
may  be  found  of  practical  utility. 

The  cock  of  tlic  pendulum  should  be  firmly  fixed 
either  to  tlie  wall  or  to  the  case  of  the  clock,  and  not  to 
the  clock  itself,  as  is  sometimes  done,  and  which  hu 
oerasiiuied  much  irre^^ulari^  in  its  rate,  from  the  mo- 
tion communicated  to  the  point  of  suepension.  We 
prefer  a  bracket  or  shelf  of  cost  iron  or  brass,  upon 
irfaich  the  clock  may  be  Hxcd,  and  the  cock  corrftllgthe 
]>enilulmn  altiL<.'heil  to  its  perpendicular  back.  This 
bracket  may  cither  be  screired  to  the  back  of  the  clock- 
case,  or,  which  is  the  better  mode,  securely  fixed  to  the 
wall ;  and  if  the  latter  he  adopted,  the  whole  may  be 
defended  from  the  atmosphere,  or  fWim  diut,  by  the 
clock-coee,  wliich  thus  lias  no  connection  either  with 
the  clock  or  with  tlie  pendulum. 

Tlie   [itiiiit  of  suspension  should  be  distinctly  defined 
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fiimly  "fixed  to  the  rod,  if  the  fonn  of  the  pendulum 
will  admit  of  it,  by  a  pin  or  screw  passing  through  its 
centre. 

The  more  delicate  adjustment  may  he  completed  by 
shifting  the  ]dace  of  the  slider  with  which  the  pendulum 
is  pupposed  to  be  furnished  on  the  rod. 

Mr.  Broome  (of  whom  we  have  before  q>oken)  prac- 
tises the  following  very  delicate  mode  of  adjustment  for 
rate,  which  will  be  found  extremely  covenient,  as  it  is 
not  necessary  to  stop  the  pendulum  in  order  to  make  the 
required  alteration.  Hsfing  ascertained,  by  experiment, 
the  effect  produced  on  the  rate  of  the  clock,  by  placing 
a  weight  upon  the  bob  equal  to  a  given  number  of  grains, 
he  prepares  certain  smaller  weights  of  sheet-lead, 
which  are  turned  up  at  the  corners,  that  they  may  be 
conveniently  laid  hold  of  by  a  pair  of  forceps,  and  the 
effect  of  these  small  weights  on  the  rate  of  the  clock 
will  be,  of  course,  known  by  proportion.  The  rate  being 
supposed  to  be  in  defect,  the  weights  necessary  to  cor- 
rect this  may  be  deposited,  without  difficulty,  upon  the 
bob  of  the  pendulum,  or  upon  some  convenient  plane 
surface,  placed  in  order  to  receive  them :  and  should  it 
be  necessary  to  remove  any  one  of  the  weights,  this  may 
readily  be  done  by  employing  a  delicate  pair  of  forceps, 
without  producing  the  slightest  disturbance  in  the  mo* 
tion  of  the  pendulum. 
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